f 


THK 


OF 

ARTS  AND  SCIENCES. 


VoL.  II.]  December,  1813.  [No.  I.  - 


AN  ACCOUNT  OF  THE  STEAM  ENGINE. 

For  tlie  purposes  of  this  article,  I  have  consulted  the 
following  essays. 

1st.  The  articles  steam,  and  steam  engine,  in  the  old 
Edinburgh  Encyclopedia,  republished  in  this  countiy^  by 
Dobson.  I  believe  these  articles  were  drawn  up  by  Pro¬ 
fessor  Robison,  of  Edinburgh,  and  arc  well  executed.  As 
this  work  is  common  in  America,  I  have  not  chosen  to 
copy  these  articles,  but.  I  earnestly  recommend  them  to 
the  careful  (not  the  perusal,  but)  study  of  the  reader  who 
Avishes  to  become  acquainted  witli  this  subject.  In  study¬ 
ing  these  articles,  care  must  be  taken  to  refer  to  tlie  addi¬ 
tions  made  iii  the  supplement  to  tliat  Encyclopedia,  under 
the  head  of  „  Steiim  engine.” 

2dly.  An  account  of  steam  engines,  by  Olinthus  Gre¬ 
gory,  the  compiler  of  Gregory’s  Encyclopedia,  a  w  ork 
for  the  most  part  too  brief  and  superficial  to  communi¬ 
cate  valuable  knowledge  :  but  the  mechanical  articles  arc 
tolerably  w  ell  executed,  it  being  a  subject  to  w  hich  he 
had  much  attended.  The  account  of  steam  engines  is 
extracted  from  his  treatise  on  mechanics,  theoretical,  prac¬ 
tical  and  clescriptix'c.  Second  edition,  1807.  The  arti- 
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cle  is  chiefly  dra^\^l  up  by  Mr.  J.  C.  Hornblower,  who 
had  a  law  suit  with  Mr.  James  Watt,  of  Birmingham, 
wherein  the  latter  was  plaintiff,  on  the  subject  of  infring¬ 
ing  the  patent  right  of  Mr.  Watt.  Mr.  Hornblower  was 
cast.  The  article  in  Gregoiy,  is  drawn  up  with  so  much 
illiberality  of  remark  on  the  pretensions  of  Mr.  James 
Watt,  and  on  the  article  in  the  Edinburgh  Encyclopedia 
above  referred  to,  that  I  have  ‘been  able  to  make  a  few  ex¬ 
tracts  only  from  it,  for  the  use  of  the  Emporium.  This 
tract  of  Gregory’s  induced 

3dly.  “A  review  of  Gregoiy  ’s  account  steam  engines,  in 
the  26th  number  of  the  Edinburgh  Review,  for  January 
1809.  This  very  able  and  very  severe  article,  I  have  been 
given  to  understand,  was  '\^Titten  by  Professor  Playfair,  of 
Edinburgh,  av  hose  veiy  brief  but  veiy^  neat  account  of  the 
history  of  steam  engines,  I  shall  extract. 

4ihly.  I  have  consulted,  and  sltall  use,  Nicholson’s  ac¬ 
count  of  Watt’s  steam  engine  in  his  8vo.  Encyclopedia  ; 
a  W'Ork,  written  under  the  pressure  of  straitened  circum¬ 
stances,  and  therefore  not  with  the  usual  care  of  tliis  most 
useful  and  industrious  man. 

5thly.  I  have  consulted  the  following  articles  on  the 
subject  in  Nicholson’s  Journal,  viz.  1  V.  419.  2  V.  46 
228.  364.  476.  3  V.  86. 161.  4  V.  545.  5  V.  147.  of  the 
quiirto  edition.  Of  the  8 vo.  series,  1  V,  161.2  V.  68. 
6  V.  218.  249.  7  V.  310.  8  V.  169.  262.  11  V:  93. 

243.  12  V.  1. 174.  294.  316.  17  V.  5.  18  V.  260. 

And  the  following  articles  in  that  collection  on  horse 
power,  9  V.  214.  11  V.  96.  98.  145.  264.  271. 

I  have  also  consulted  the  articles  giving  an  account  of 
Cartwright’s,  Trevethic’s,  and  Woolfc’s  improvements  on 
Watt’s  engine  in  Tilloch’s  Pliilosophical  Magazine, 
wherein  the  articles  relating  to  the  steam  engines,  are  to 
be  found  in  1  V.  1.  16  V.  372.  17  V.  40.  164.  19 
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V.  133.  275.  21  V.  254.  23  V.  123.  335.  26  V.' 

346. 

As  tliere  is  no  general  index  to  these  works,  I  appre* 
hend  it  will  be  useful  to  note  the  places  where  information 
on  this  subject  can  be  found  in  them. 

The  common  histories  of  the  steam  engine,  include  a 
description  of  Savar}’’s,  Newcomen’s  and  Cawley’s,  and 
Watt’s.  I  shall  add,  some  account  of  the  improvements 
of  Homblower,  Cartwright,  and  Woolfe.  Also,  Oliver 
Evans’s  account  of  his  steam  engine.  I  do  not  know 
that  I  can  get  all  the  plates  ready  for  the  present  number, 
but  I  shall  insert  herein  the  methods  of  consuming  smoke, 
Ixrcause  those  plates  arc  likely  to  be  completed  in  time. 

On  the  means  of  consuming  the  smoke,  arising  from 
large  furnaces^  particularly  from  steam  engines, 

I  would  premise,  that  smoke,  is  a  mixture  of  aqueous 
vapour — charcoal — and  carburetted'  hydrdgefi,-  distilled 
off  by  means  of  heat  from  fuel.  • 

When  a  candle  or  a  lamp  bums  in  the  common  me¬ 
thod,  they  smoke.  That  is,  the  fuel  instead  of  be  ing  burnt 
or  consumed,  is  in  part  distilled  away  by  the  hcat  f  for  as 
tliere  can  be  no  combustion  but  by  means  of  the  oxygen 
of  the  atmospheric  air,  and  as  the  outside  only  of  die  wick 
is  in  contact  with  the  air,  the  fuel  with  which  the  outside 
is  impregnated,  only  can  be  burnt :  the  oil  or  tallow  of  die 
inside,  is  distilled  away  and  forms  the  smoke.  Part  of 
this  is  ■  caught  and  inflamed  as  it  escapes  into  the  air ; 
hence  the  flame  of  a  candle  extends  bei  ond  the  point  of 
the  wick;  but  the  whole  of  it  is  not  burnt.  What  is  not 
burnt  is  smoke. 

To  remedy  this  M.  D’Argand,  the  inventor  of  the  pav 
tent  lamp,  has  contrived  (by  making  the  wick  thiny  and 
circular y  and  by  admitting  a  cun^ent  of  air  to  both  sides 
of  the  wick)  to  consume  the  whole  of  the  fuel  by  supply¬ 
ing  every  part  of  it  with  atmospheric  air  in  a  strong  cur- 
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rent  occasioned  by  the  rarefaction  produced  in  the  glass 
chimney.  That  this  is  a  true  account  of  the  process,  any 
one  may  satisfy  himself,  by  closing  the  apertures  of  the 
grating  at  tlie  bottom  of  the  lamp,  through  m  hich  the  air 
ascends  up  the  chimney  ;  and  the  wick  no  longer  supplied 
with  tlie  oxygen  of  the  atmosphere,  will  send  oft'  the  com¬ 
bustible  oil,  unburnt  in  the  form  of  smoke  like  a  common 
lamp. 

If  a  piece  of  tvoodbe  distilled,  it  funiishes  an  acidu¬ 
lous  watery  liquor,  a  larg(^  quantity  of  carburetted  hydro¬ 
gen  gas,  that  is  charcoal  dissolved  in  hydrogen  gas,  and 
its  own  bulk  of  charcoal.  Both  tlie  hydrogen  gas  and 
the  charcoal,  are  combustible  with  access  of  air,  but  in¬ 
combustible  without  it.  The  flame  of  a  wood  fire,  is  ow  ¬ 
ing  to  the  ascension  of  the  carburetted  hydrogen  distilled 
off*  from  the  wood.  The  smoke  is  partly  acidulous  va¬ 
pour,  and  partly  unconsumed  carburetted  hydrogen. 

Whatever  is  capable  of  being  burnt  gives  out  heat ; 
for  theoxygeif  of  the  atmosphere,  when  it  combines  with 
a  combustible  body,  parts  with  the  heat  to  w  hich  it  is  che¬ 
mically  united.*  That  heat,  becomes  sensible,  and  acts 
upon  the  bodies  around*  The  smoke  attaches  itself  to 
the  bodies  it  meets  wath,  and  sticks  to  them,  and  a  quan¬ 
tity  of  carbon  or  charcoal  is  deposited  :  this  mixture  is 
called  Soot. 

When  a  quantity  of  coal  is  set  on  fire  the  same  process 
takes  place  ;  a  tar-acid  vapour  flics  ofl*  mixed  with  carbu¬ 
retted  hydrogen  holding  much  carbon  or  charcoal  in  solu¬ 
tion  ;  this  is  the  smoke,  w  hich  when  condensed  in  the 
chimney  or  on  the  bottom  of  a  boiler,  forms  also  soot ; 
thicker,  and  containing  more  carbon,  and  volatile  oil  tlian 
the  soot  of  w'ood. 

Four  ounces  avoirdupois  of  pine  saw  dust,  yielded  me 
12  quarts  of  carburetted  hydrogen.  I'he  same  weight  of 
bituminous  Livcr}?ool  coal,  yielded  me  18  quarts.  Some 
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coal  would  yield  24  qiiaits.  Soot  then  consists  chiefly  of 
unl)unit  charcoal. 

Take  out  of  the  lire,  a  piece  of  charcoal  about  an  inch 
or  half  an  inch  long,  well  lighted  at  one  end.  You  may 
hold  it  in  your  fingers,  and  even  excite  by  blov/ing,  the 
lighted  end,  without  being  burnt.  Charcoal  therefore  h 
a  very  bad. conductor  of  heat.  Take  a  piece  of  iron  or 
brass,  a  foot  long,  and  holding  it  at  one  end,  thrust  the  other 
intq  the  fire.  Wng  before  it  approaches  a  red  hca%  your 
fingers  will  be  burnt.  Metals  therefore  are  very  good  con¬ 
ductors  of  heat.  Hence,  when  we  suffer  soot  to  accumu¬ 
late  at  the  bottom  of  our  boilers,  we  exchange  a  very  g'^^xl 
Jbr  a  very  bad  conductor  of  heat ;  and  wt  must  employ 
more  fuel,  for  the  purpose  of  communicating  the  same 
heat  to  the  water.  Hence  it  is  a  point  of  economy  to  con¬ 
sume  the  smoke  under  the  boiler  of  a  steam  engiiK. 

The  metluKl  of  consuming  the  smoke  of  furnaces,  cle- 
})cnds  upon  two  principles:  1st.  the  vivid,  well-lighted 
coals,  are  pushed  forward,  and  the  half  lighted  coals  lire 
not  throwai  upon  or  beyond  them  promiscuously,  but  pla¬ 
ced  at  that  part  of  the  fire,  where  the  body  of  vivid  coals 
commences:  hence  the  smoke  arising  from  the  half-light¬ 
ed,  can  be  made  to  pass  over  the  lighted  coals.  But  the 
smoke  would  rise  uji,  if  it  were  not,  2ly.  that  a  current  of 
air  is  admitted,  and  directed  dow  nward,  so  as  to  drive  the 
rising  smoke  upon  and  over  the  surface  of  the  red  hot  coals, 
where  it  is  burnt  and  consumed  as  fuel. 

Sujiposc  the  door  frame  of  the  fire  place,  shuts  against 
a  platform’,  not  level  wdth  the  fire  as  usually  is  the  case, 
but  raised  above  the  burning  fuel,  he.  slanting  dow  nward 
from  the  inside  of  ‘  the  door  toward  the  fire  ;  so  that  the 
coals  can  be  easily  pushed  iinvard  to  any  part  of  the  fire  ; 
if  then,  there  be  a  slit  of  an  inch  w  ide  for  instance,  across 
the  door,  a  current  of  air  wall  pass  tluough  that  slit  over 
the  fire  in  addition  to  the  current  of  air  that  passes  upw^ards 
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through  the  bars  and  among  the  fuel.  By  means  of  a 
piece  of  sheet  iron  placed  slanting  over  the  slit  within- 
side,  this  current  of  air  through  the  slit  in  the  door,  can  be  I 
directed  so  as  to  drive  the  smoke  of  the  fresh  coals,  down 
upon  the  burning  coals,  and  there  it  will  be  consumed. 

The  three  following  methods,  which  can  be  well  under¬ 
stood  from  the  plates,  have  long  been  in  use  in  England, 
and  therefore  can  be  employed  for  the  purpose  of  consum¬ 
ing  smoke  as  well  here  as  there.  ^  ^ 

In  the  year  1791,  the  steam  engines  on  Watt’s 
construction  at  Manchester,  consumed  the  smoke  :  the  I 
public  complained  that  no  method  w^as  adopted  by  the 
owners  of  other  steam  engines,  and  by  the  dyers  in  and  near  » 
that  town,  to  produce  the  same  effect  in  their  furnace-  j 
fires.  I  applied  to  Boulton  and  Watt,  and  obtained  per-  ? 
mission  for  any  jxTson  to  use  tlieir  patent  in  this  respect,  | 
whether  connected  with  one  of  their  engines  or  not.  Of  | 
cour^  the  smoke  of  tlie  furnaces  was  consumed  gene-  , 
rally,  on  paying  a  moderate  premium  for  the  use  of  the  j 
invention.  *  j 

Several  furnaces  however  ^\ere  erected  from  time  to  | 
time,  and  steam  engines  already  put  up  previous  to  the  j 
improvements  of  Boulton  and  Watt,  were  worked  with  j 
furnaces,  which  were  not  built  on  a  construction  neces¬ 
sary  to  consume  the  smoke.  In  the  Monthly  Magazine 
for  1796,  the  reader  will  find  an  account  of  six  owners  ; 
of  steam  engines  and  furnaces  at  Manchester,  who  were  | 
indicted  at  the  quarter  sessions  for  a  nuisance,  inasmuch  ’ 
as  thev  did  not  use  means  to  consume  the  smoke  of  their  | 

V  I 

furnaces :  they  were  convicted,  and  fined  one  hiindr^  \ 
pounds  sterling  each;  and  the  conviction  was  acquiesced  j 
in.  I  have  no  hesitation  in  saying  that  the  neglect  of  em-  | 
ploying  such  means,  is  just  as  much  a  nuisance  in  this 
country  as  in  that.  I  now  publish  in  a  manner  not  to  be 
mistaken,  the  methods  of  producing  this  effect;  one  or 
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other  of  which  is  in  common  use  in  Great-Britain,  and 
cither  of  which  will  answer  the  purpose.  A  steam  engine 
of  the  power  of  a  dozen  horses,  need  not,  and  ought  not,  " 
to  send  forth  so  much  smoke  as  a  common  sitting  room 
fire :  the  method  of  producing  this  effect,  is  not  a  tax 
upon  the  owner,  but  an  advantage ;  for  he  consumes  his 
fuel  more  perfectly,  and  none  goes  to  waste.  If  steam 
engines  continue  to  be  erected  in  large  towns,  without 
I  having  tliis  improvement  attached  to  them,  instead  of 
being  as  they  might  be,  blessings  to  the  neighbourhood, 
they  will  make  our  towns  uninhabitable ;  and  I  would 
earnestly  recommend  tliat  the  legal  question  of  nuisance 
should  be  settled,  by  an  indictment  brought  against  the 
offenders. 

Specification  of  the  Patent  granted  to  Mr.  J  a  m  e  s  W  a  t  t  , 
of  Birmingham^  in  the  County  of  Warwick^  Engineer  ; 
for  certain  newly -improved  Methods  of  constructing 
Furnaces  or  P^ire-places^for  heatings  boilings  or  evapo¬ 
rating  of  watery  and  other  Liquids  ;  xvhich  are  applica¬ 
ble  to  steam-engines  an4  other  purposes;  and  also 
for  heatingy  meltingy  and%neltingy  of  Metalsy  and  their 
Ores  ;  whereby  greater  effects  are  produced  from  the 
Fiiely  and  the  smoke  is  in  a  great  measure  prevented^ 

!  or  consumed. 

\  Dated,  June  14,  1783. 

i 

I  TO  all  to  whom  these  presents  shall  come,  &c.  Now 
KNOW  YE,  that,  in  compliance  with  the  said  proviso,  and 
in  pursuance  of  the  said  sUitutc,  1  the  said  James  Watt, 
do  hereby  declare',  that  the  following  is  a  particular  des¬ 
cription  of  the  nature  of  my  said  invention,  and  in  what 
manner  the  same  is  to  ijc  performed  ;  that  is  to  say,  my 
said  newly-improved  methods  ot‘  constructing  furnaces  or 
I  fim- places  coiisist  in  causing  the  smoke  or  Hamc  of  the 
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frrsli  fuel,  in  its  way  to  the  flues  or  ehimne\ ,  to  |>ass,  to- 
gctlKT  wiihacurroui  of  fa^sh  air,  through,  o\ct,  or  among, 
fuel  w  hich  has  already  ceased  to  smoke,  or  which  is  con- 
vcTtrxl  into  cokes,  charcoal,  or  cinders,  and  which  is  in¬ 
tensely  hot ;  by  which  means  the  smoke  and  grosser  parts 
of  the  flame,  by  coming  into  close  contact  with,  or  by  be¬ 
ing  brought  near  unto,  the  said  intensely  hot  fuel,  and  by 
being  mixed  tviththe  current  of  fresh  or  unburnt  air,  are 
consumed,  or  convcrtcid  into  heat,  or  into  pure  flame  free 
from  smoke.  I  put  this  in  practice,  first  j  by  stopping  up 
every  avefiue  or  passa^  to* the  chimney  or  flues,  except 
such  as  are  left  in  the  interstices  of  the  fuel,  by  placing  the 
fresh  fuel  above,  or  nearer  to,  the  external  air  than  that 
which  is  already  converted  into  cokes  or  charcoal ;  and  by 
constructing  the  fire-places  in  such  manner  that  the  flame, 
and  the  air  which  animates  the  fire,  must  pass  downwards, 
or  laterally,*  Or  horizontally,  through  the  burning  fuel,  and 
pass  from  the  lower  part,  or  internal  end  or  side,  of  the 
fire-place,  to  the  flues  of  chimney.  /  In  some  cases,  after 
the  flame  has  past  through  the  burning  fuel,  I  cause  it  to 
pass  through  a  very  hot  funnel,  flue,  or  oven,  before  it 
comes  to  the  bottom  of  the  bqjler,  or  to  the  part  of  the  fur¬ 
nace  w  here  it  is  proposed  to  melt  metal,  or  perform  other 
office,  byAvhich  rrieans  the  smoke  is  still  more  effectually 
consumed.;^  In  other  cases,  I  cause  the  flame  to  pass  im- 
mediately  from  the  fire-place  into  the  space  under  a  boil¬ 
er,  or  into  the  bed  of  a  melting  or  other  furnace.  The 
drawing  Figure  1  (Plate  I.)  shews  a  section  of  a  'fire- 
engine  boiler,  and  its  furnace  or  fire-place,  which' I  have 
chosen  for  an  example  of  the  application  of  this  new  me¬ 
thod  to  the  heating  and  evaporating  of  W’atcr.  A  A  is 
the  boiler,  which  may  be  made  of  any  form  suitable  to 
its  use.  B  B  is  a  flue,  surrounding  the  boiler  as  usual. 
C  is  the  uptake,^r  passage  from  the  space  under  the  boil¬ 
er  to  the  flues.  D  D  is  a  funnel  or  flue  for  the  flame  to 
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come  from  the  fire-place  to  the  boiler.  E  E  is  a  place 
to  contain  the  ashes ;  and  F  is  a  door  to  take  them  out 
at,  which  must  Ixi  kept  continually  shut  during  the  time 
of  working.  G  H  is  the  fire-place :  the  fresh  fuel  is  put 
in  at  G,  and  gradually  comes  down  as  the  fuel  below 
consumes.  The  part  at  H  is  very  hot,  being  filled  witli 
the  cokes  or  cojils  which  have  ceased  to  smoke.  I  is  an 

I 

opening  or  openings,  to  admit  fresh  air,  and  regulate  the 
fire.  K  is  a  door  into  the  space  under  the  boiler ;  which, 
being  opc:ned,  admits  air,  and  stops  tlie  draught  of  the 
chimney  w  hen  the  operation  is  wanted  to  cease.  Figure 
the  second  is  a  section  of  the  same  fire-place  in  the 
otlier  direction ;  in  which  M  M  is  the  back  of  the  fire¬ 
place  ;  L  the  brick  ai'ch  on  which  the  fuel  lies ;  and  E 
the  ash-hole.  Figure  3  is  an  outside  view  of  the  same 
fire-place,  shewing  the  air-holes  1 1,  and  the  ash-hole  door 
F ;  and  Figure  4  is  a  plan  of  the  same,  with  part  of  the 
boiler  seating,  taken  in  the  line  Z  Z  of  Figure  1.  The 
dotted  lines  represent  the  flues,  and  the  darts  point  out 
the  direction  of  the  flame.  I'he  fire  is  first  kindled  upon 
the  brick  arch  L,  (Fig  1.)  and  when  well  lighted,  more 
fuel  is  gradually  added  until  it  is  filled  up  to  G ;  and 
care  is  taken  to  leave  projxr  interstices  for  the  air  to  pass, 
cither  among  the  fuel,  or  betw  een  llie  fuel  and  the  front 
wall  N  ;  and  as  much  air  is  admitted  at  1 1  as  can  be 
done  w  ithout  causing  the  smoke  to  ascend  perpendicularly 
from  G,  w  hich  it  w  ill  do  if  too  much  air  is  admitted  at  II. 
The  dimensions  of  this  fim*place  are  shewn  by  the  scale, 
and  are  properly  adjusted  for  buriilng  about  eighty-four 
j)ou  nds  w  eight  of  coals  in  an  hour ;  where  greater  or  less 
fjuantities  are  required  to  be  burnt,  the  furnaces  must  be 
enlarged  or  diminished. accordingly ;  or,  if  much  greater, 
more  furnaces  tk.n  one  must  be  employed.  Figure 
the  fifth  represents  this  new'  fire-place  as  applied  to  a 
furnace  for  melting  iron  and  other  metals,  and  constnict- 
Vol.  II.  B 
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ed  witliout  the  funnel  or  perjiendicular  flue  D  in  Figure 
1.  N.  B.  The  same  letters  refer  to  the  same  parts  in  all 
the  preceding  figures.  I  also  construct  these  new  fire¬ 
places  so  that  the  part  G  H  lies  sloping,  or  horizontal, 
and  othenvise  vary  the  figure  or  form,  and  proportions, 
of  the  same ;  but,  in  all  cases,  the  principle  is  the  same  ; 
the  fresh  or  raw  fuel  being  placed  next  the  external  air, 
and  so  that  the  smoke  or  flame  passes  over,  or  through, 
the  coked  or  charred  part  of  the  fuel.  I  also  occasion¬ 
ally  cover  the  opening  G,  and  cause  the  air  to  enter  only, 
or  principally,  at  I  I.  Secondly,  in  some  cases,  I  place 
the  fresh  fuel  on  a  grate  as  usual,  as  at  A  A,  (Figure  6,) 
and  beyond  that  grate,  at  or  near  tlie  place  where  the  flame 
passes  into  the  flues  or  chimneys,  I  place  another  smaller 
grate  B,  on  which  I  maintain  a  fire  of  charcoal,  cokes,  or 
coals  which  have  been  previously  burnt  until  they  have 
ceased  to  smoke ;  which,  by  giving  intense  heat,  and  ad¬ 
mitting  some  fresh  air,  consumes  the  smoke  of  the  first 
fire.  Lastly,  be  it  remembered,  that  my  said  new  inven¬ 
tion  consists  only  in  the  method  of  consuming  the  smoke, 
and  increasing  the  heat,  by  causing  the  smoke  and  flame 
of  the  fresh  fuel  to  pass  through  very  hot  funnels  or  pipes, 
or  among,  through,  or  near,  fuel  which  is  intensely  hot, 
and  which  has  ceased  to  smoke ;  and  by  mixing  it  with 
fresli  air  when  in  these  circumstances ;  and  in  the  form 
and  nature  of  the  fire-places  herein  mentioned,  described, 
and  delineated :  the  boilers,  and  other  parts  of  the  furna¬ 
ces,  being  such  as  are  in  common  use.  And  be  it  also 
remembered,  that  tlicse  new- invented  fire-places  are  ap¬ 
plicable  to  furnaces  for  almost  every  use  or  purpose.  In 
wiuiess  whereof,  &c. 
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Description  of  a  Furnace  for  Steam-Engines^  Wc.  rchich 
effectually  consumes  the  smoke  aiising  from  it.  In  a 
letter  to  the  editors^  from  Mr.  William  Thomson, 
of  Borw-Lane.  At  Rep.  Arts^  1796. 

’  WITH  A  PLATE.  ’  * 

AS  steam-engines  are  much  made  use  of  in  this  king¬ 
dom,  and,  at  the  same  time,  are  often  found  ver}'  disagree¬ 
able  on  account  of  their  smoke ;  I  herewith  send  you  a 
description,  and  drawing,  of  a  furnace  which  will  effec¬ 
tually  consume  the  smoke  arising  from  it,  u  ithout  requi¬ 
ring  more  coals  than  usual,  as  has  been  the  case  with  for¬ 
mer  contrivances  for  that  purpose.  It  may  be  adapted 
to  any  boiler  or  copper  already  set  up,  and  at  a  verj^  small 
expence. 

Fig.  1,  is  a  section  of  an  oblong  boiler,  and  fire-place. 
aa  a  a^  The  brick  work  in  which  boilers  are.  usually 
set.  '  .  .  ,  .  - 

A  A.  The  boiler.  Two  iron  flues  run  through  this 
boiler,  and  also  go  round  it. 

B  B.  The  fire-place ;  which  must  be  about  one  third 
longer  than  they  are  generally  made. 

C.  An  arch,  which  runs  across  the  fire-place,  two 
inches  lower  than  the  bottom  of  the  flue  under  the  boiler, 
and  about  the  middle  of  the  fire-place. 

D  D  D  D.  Flues  through  which  the  hot  air  ascends,  and 
spends  its  heat  on  the  boiler. 

E.  The  door  of  the  fire-place ;  which  must  have  a 
small  shutter  ill  it.  Through  tins  shutter  the  coals  must 
be  gently  stirred  up,  by  the  slice  or  poker,  taking  care  not 
to  injure  the  arch,  nor  to  raise  too  great  a  quantity  of  coals 
at  once.  .  . 

F  is  a  small  space  left  behind  the  fire,  for  a  cun  ent  of 
air  to  come  through,  as  in  the  patent  lamps. 
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G.  A  brick  placed  with  its  whole  length  across  the  fire* 
place,  to  hinder  the  coals  from  falling  down  the  space  F, 
and  choking  it. 

Fig.  2,  is  a  front  vic'w  of  the  same  boiler,  and  fire-place ; 
in  which  the  same  letters  represent  the  same  parts. 

HH  are  two  slides,  the  one  shifting  backwards  the 
other  forwards,  to  make  the  space  F,  for  the  current  of  air, 
larger  or  smaller,  as,  by  practice,  may  be  found  best. 

Manner  in  which  this  Furnace  operates. 

The  arch  C  hinders  the  smoke  from  going  up  the  chim¬ 
ney,  and  obliges  it  to  pass  through  the  fire  behind  it ; 
which  has  a  very  strong  draught,  and  bums  the  smoke 
as  it  passes  through  it,  I'hc  air  which  comes  up  through 
the  space  F  gives  fresh  vigour  to  the  flame,  which  con¬ 
sumes  any  smoke  that  may  be  left. 

It  must  be  observed  that  too  much  air  will  have  a  very 
bad  effect,  as  it  will  cool  the  flame :  therefore  the  slides 
H  H  must  be  regulated  in  such  manner  as  the  operator, 
may  find  most  advantageous. 

The  shutter  in  the  door  E  must  also  \yc  of  a  proper  size ; 
as  its  being  too  large  or  too  small  will  be  pre  judicial. 

I  am,  &c. 

W.  Thom  SON. 

p* 

•  i 

Method  of  consuming  smoke  by  James  and  John  Robertson^ 

of  Tradest&wn,  near  Glasgow.,  Engineers.  Patented 

August  13,  1800.  Rep.  Arts.  A,  S.  JVo.  96. 

Specification  and  description  of  the  nature  of  a  new 
and  improved  method  of  constructing  furnaces,  for  the 
application  of  fire  to  steam-engines  and  boilers  of  various 
descriptions,  and  also  the  application  of  fire  to  many  other 
purposes  and  branches  of  manufacture  w’heiv  heat  is  ap¬ 
plied  by  means  of  a  furnace,  by  which  invention  and  ini- 
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provemcnt,  a  verj^  considerable  saving  of  fuel  is  effected 
from  the  immediate  conversion  of  the  whole,  or  very  ne^- 
ly  the  whole  of  the  smoke  arising  from  the  fuel  into  flame : 
first,  the  said  invention  in  principle  consists  in  supplying 
the  burning  fuel  more  fully  with  air,  having  this  fuel  more 
in  a  body  together,  and  a  less  quantity  in  combustion,  at  the 
same  time,  than  what  usually  takes  place  in  other  furnaces, 
which  are  applied  to  thAlime  uses;  in  applying  the  fuel 
with  a  portion  of  fresh  air,  admitted  from  an  opening  made 
for  that  purpose,  and  directed  in  sucli  a  manner  as  it  may 
come  in  contact  with  the  smoke  from  the  kindling  coal 
and  great  heat  of  the  furnace  together,  and  the  fuel  being 
more  fully  supplied  with  air,  and  consequently  a  greater 
degree  of  heat  taking  place,  and  the  smoke  and  fresh  air 
uniting  in  the  great  heat,  the  smoke  is  inflamed,  and  ren¬ 
dered  useful  in  adding  to  the  heat  of  the  furnace ;  besides, 
this  ix)rtion  of  fresh  air  is  so  conducted  as  to  act  partly  on 
the  kindling  or  kindltxl  fuel,  and  raising  it  to  a  greater 
degree  of  heat,  after  it  has  served  its  purjx)se  by  uniting 
with  and  inflaming  the  smoke ;  and  therefore  is  employed, 
in  some  measure,  usefully,  even  after  the  coal  has  ceased 
to  smoke :  secondly,  to  the  above  may  be  added,  the  form 
of  the  furnace,  which  is  so  constructed,  that  the  full  kind¬ 
led  fuel  is  kept  backward  in  the  furnace,  while  the  fresh  coal 
lies  before,  and  is  more  gradually  kindled  than  if  intro¬ 
duced  further  among  tlie  full  kindled  fuel,  while  the  heat 
of  the  furnace  is  little  injured  or  damped  by  the  introduc¬ 
tion  of  fresh  coal,  as  is  more  fully  described  in  the  practi¬ 
cal  description  of  the  furnace.  The  coal  is  admitted  into 
the  furnace  by  a  hopjKT,  feeder,  or  mouth-piece,  A  (Fig. 
7  and  8),  made  of  cast  iron  (but  which  may  be  made  of 
other  materials),  and  inclined  to  the  horizon,  as  in  Fig.  7 ; 
sd  that  the  coal  in  it,  may  in  some  measure,  fall  into  the 
fire-place,  above  the  bars,  as  the  fuel  is  spent ;  in  the  up¬ 
per  part  of  this  hopper,  feeder,  or  mouth-piece,  is  a  Plate, 
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a  (Fig.  7  aixl  8),  placed  at  a  small  distance,  or  from  about 
tliree-eighths  to  three-fourths  of  an  inch  from  the  upper 
side  of  the  hopper,  betwixt  which  plate,  and  upper  plate, 
or  side  of  the  hopper,  a  stream  of  air  rushes  downward  on 
the  fire,  at  about  half  a  right-angle  to  the  horizon,  which 
stream  of  air  assists  in  consuming  the  smoke,  as  former¬ 
ly  mentioned,  and  more  fully  described  hereafter.  B,  Fig. 
7,  is  a  section  of  the  burs,  whitif  are,  in  general,  a  little 
inclined  to  the  horizon,  as  in  the  figure  that  the  fuel  may 
more  easily  fall,  or  be  pushed  backwards,  in  the  furnace ; 
at  c,  is  an  opening  above  the  bars,  and  below  the  lower 
end  of  the  hopjxr,  which  is  in  general  fitted  with  a  grated 
door  or  doors,  which  open  for  the  more  convenient  clean¬ 
sing  of  the  furnace,  and  the  grated  form  of  the  doors  is 
also  designed  for  admitting  air  into  the  fuel,  as  well  as  at 
the  bars,  consequendy  the  air  is  more  concentrated  in  the 
middle  of  the  burning  fuel,  and  produces  a  greater  heat 
than  if  admitted  only  betwixt  the  bars  ;  this  grated  form 
of  the  doors  is  also  convenient  for  the  admission  of  a  \y6kcx 
or  instrument  for  pushing  backw^ard  the  kindled  fuel,  while 
the  fresh  coal,  or  that  which  is  not  so  well  kindled,  falls 
down  to  supply  its  place  ;  in  some  others  of  these  furna¬ 
ces,  the  opening  below  the  lower  end  of  the  hopper,  and 
above  the  fore  end  of  the  bars,  is  left  without  doors  at  all ; 
at  this  o^xiniag,  it  is  convenient,  when  the  fire  is  mended, 
to  push  the  coal  from  the  fore  side  backward,  as  mention¬ 
ed  above,  or  it  may  lx;  pushed  backward  with  a  hooked 
poker,  P,  by  applying  the  hooked  part  of  it  through  the 
furnace  bars  below  ;  by  either  of  which  means  the  kindled 
coals  are  put  backwards,  while  the  fresh  coal,  or  that 
which  is  not  so  well  kindled,  falls  dow^n  to  supply  their 
place  ;  that  is,  the  coals,  in  the  situation  r,  are  pushed 
towards  (/,  while  those  in  the  situation  fall  down  to  sup¬ 
ply  the  place  of  those  which  were  driven  from  c  towards  d; 
by.  such  meiuis,  the  strength  or  heat  of  the  fire  is  not  much 
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damped  by  tlie  introduction  of  fresh  coal,  and  the  coals 
which  have  fallen  from  f  towards  r,  are  not  so  rapidly  kin¬ 
dled  as  if  introduced  above  the  burning  fuel :  same  time 
the  smoke  which  arises  from  these  newly-introduced  coals, 
passes,  partly  through  the  full-kindled  coal  and  partly 
over,  and  in  contact  with  the  great  heat  of  the  burning 
fuel,  and,  meeting  at  the  same  time  with  the  current  of 
fresh  air  coming  downwards,  and  tending  also  to  drive 
the  smoke  still  nearer  to  the  bright  kindled  fuel,  does  in 
general  completely  inflame  the  smoke,  and  render  it  use¬ 
ful  in  adding  to  the  heat  of  the  furnace.  Another  end  ob¬ 
tained  by  the  stream  of  fresh  air,  is  to  keep  in  some  mea¬ 
sure  the  great  heat  of  the  furnace  from  acting  so  violently 
on  that  part  of  the  hopper  which  is  nearest  it,  and  mostly 
exposed  to  its  heat,  and  liable  to  be  damaged  thereby, 
which  it  does  by  the  continual  current  of  fresh  cool  air 
that  is  in  contact  with  those  parts ;  the  construction  of 
the  furnace  may  be  much  varied  ;  but  the  chief  improve¬ 
ments  are,  tliat  the  fuel  in  combustion  is  supplied  w  ith 
air  by  the  foreside  as  well  as  by  the  burs,  the  hopper  is 
placed  in  such  a  situation  that  the  kindled  or  unkindled 
coal  may  in  part  fall  to  the  forcside  of  the  furnace 
above  the  bars,  as  the  other  fuel  is  puslKrd  backward  in 
the  furnace,  and  the  admission  of  fresh  air  to  pass  over  the 
burning  fuel  by  means  of  a  deflnite  space  or  spaces,  ojk'H* 
ing  or  openings,  made  for  that  purpose ;  so  that  this 
stream,  current,  or  currents  of  air,  partly  come  in  contact 
with  the  I)urniiig  fuel  itself,  forcing  also  the  smoke  with 
more  immediate  union  with  the  burning  fuel  and  great 
heat  of  the  furnace.  I'hc  Patentees  do  not  pretend  an^“ 
claim  to  the  admisjsion  of  fresh  air  as  a  new  principle,  as 
they  arc  sensible  that  this  luks  Ix'cn  known  long  ago,  and 
practised  by  admitting  it  at  the  furnace  door,  shutter,  or 
mouth-piece,  and  at  the  opening  where  the  coals  are  admit¬ 
ted  into  the  furnace  ;  their  claim  rests  upon  what  has  been 
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formerly  stated,  together  with  the  form  of  the  furnace,  and 
its  variations  after-mentioned ;  the  success  of  the  furnace 
depends  also  upon  a  considerable  de^ee  on  what  is  called 
the  draught  of  the  furnace;  that  is,  the  chimney  and  flues 
so  constructed,  as  a  sufficient  current  of  air  may  pass 
tlirough  the  fire  to  bring  it  to  a  proper  degree  of  heat ;  al¬ 
so,  that  the  current  of  fresh  air- may  have  such  force  as  to 
come  pretty  much  in  contact  with  the  bunting  fuel,  and 
to  convey  the  smoke  along  with.it  through  the  hottest  of 
-the  flame ;  if  this  is  not  the  case,  the  sntoke  will  not 
be.  so  completely  consumed  in  these  furnaces.  The 
•  hopper  is  allowed  to  be  kept'  as  full  of  coal  as  possible, 
and  either  wholly  or  in  part  small  coal,  so  as  to  prevent 
air  as  much  as  jx)ssible  getting  in  by  tliat  passage ;  this 
must  be  attended  to  when  the  furnace  is  in  its  ordinary 
working  state ;  yet,  sometimes,  it  is  necessary  to  keep 
this  opening  of  the  hopper,  either  wholly,  or  in  part,  open, 
when  tliere  is  little  heat  wanted. 

.  ■  ■  Description  and  reference  to  the  draughts. 

Fig.  7,  is  a  side  view,  or  section  of  the  furnace,  as  if  ap¬ 
plied  to  a  boiler,  and  cut  through  the  middle.  Fig.  8,  is 
a  front  .view  of  the  furnace  in  perspective,  the  hopper  hav¬ 
ing  a  division  in  the  middle,  and  two  regulating  plaU^s  for 
.  the  admission  of.  fresh  air.  Figs.  7  and  8,  A,  the  hopper 
into  which  the  coiJs  are  put  to  supply  the  furnace,  a  tlie 
regulating  plate ;  above  which  and  below,  the  higher  plate 
,  h  of  the  hopper,  a  stream  of  fresh  air  is  admitted  to  this 
:  plate  ;  a  is  made  to  turn  on  a  pin  pivot  or  centre,  so  that 
it  may  be  brought  nearer  to,  or  recede  further  from  the 
uppermost  at  tlie  point  «,  Fig.  7,  for  regulating  the  quan¬ 
tity  of  air  admitted  betwixt  the  plate  as  occasion  requires ; 
this  plate  is  sometimes  made  fast,  or  kept  so,  after  adopt¬ 
ing  a  space  which  is  judged  sufficient  for, the  quantity  of 
fresh  air  but  on  other  occasions,  as  in  steam  engines,  it  is 
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adviseable  to  give  It  less  or  more  opening  according  to  the 
state  of  the  fire,  that  is,  when  coals  are  newly  introduced 
into  the  fire-place,  to  give  thd  greatest  quantity  of  fi*esh 
air,  and  when  they  are  pretty  well  kindled  to  give  less 
air.  F  F  F,  Fig.  7,  the  flues  beneath  and  round  the  boil¬ 
er  ;  that  round  the  boiler,  may  be  in  any  of  tlie  present 

w^ell- constructed  forms  ;  that  beneath  tlie  boiler,  as  in  the 

% 

drawing  with  a  breast  D,  to  prevent  the  coal  getting  so  far 
backward  in  the  furnace,  and  also  to  direct  the  flame  on 
the  bottom  of  the  boiler  :  this  breast  is  also* necessary  for 
the  more  complete  combustion  of  the  smoke,  as  by  that 
means,  the  fresh  air,  smoke,  and  flame  are  more  complete¬ 
ly  combined  than  if  the  brejist  wei  e  wanting,  or  ill-formed  ; 
at  r  is  represented  a  shutter,  which  is  sometimes  used  in 
steam  engine  boilers  for  the  purpose  of  getting  tlie  refuse 
of  the  fuel  taken  from  the  furnace  by.  opening  the  said 
shutter ;  in  other  cases,  the  breast  of  tlie  furnace  D  coin¬ 
cides  with  d  at  the  ends  of  the  bars.  G,  Figs.  7  and  8, 
the  gi*ated-doors,  or  opening  into  the  fire-place ;  I,  the 
ash-pit  below,  the  furnace  ;  L,  Fig.  8,  a  catch,  or  bar, 
which  slides  along  the  bottom  plate  .of  the  hopper,  for 
keeping  the  grated-doors  shut ;  H  H  H,  &c.  the  brick¬ 
work  for  furnace  and  boiler.  K,  Fig.  7,  a  piece  of  cast- 
iron  in  a  horizontal  position,  which  joins  the  under  plate 
of  the  hoj:>per,  for  the  more  case  and  convenience  in  put¬ 
ting  in  the  coals,  the  hopper  may  be  made  in  one  or  more 
pieces,  as  inclination  or  choice  may  direct,  or  of  litiy  mate¬ 
rials  which  it  may  be  thought  prudent  to  adopt,  but  they 
are  usually  made  with  five  plates  of  cast-iron ;  M  repre¬ 
senting  one  of  the  side  plates,  N  the  upjx^rmost,  O  the  un¬ 
dermost,  and  P  the  regulating-plate  ;  the  side  plates  hav¬ 
ing  tenons  which  fit  into  mortices  in  die  top  and  bottom 
plate,  u’hich  may  easily  lx‘  conceived  ;  on  the  side  plates 
are  detents  or  abutments,  which  serve  as  a  centre  for  the  re- 
gulating-piate  to  turn  upon  ;  on  this  plate  are  also  two 
Vcl  II.  C 
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abutments  which  rest  on  the  other  abutments  of  the  side 
plates  when  this  plate  is  put  into  its  place  ;  this  plate  by 
such  means  may  be  taken  out,  or  put  in  at  any  time  it  is 
found  necessary,  without  meddling  with  any  other  part  of 
the  hopper  :  anotlwr  method  is  to  have  tlic  bottom  plate 
to  come  out,  and  in  the  same  manner  as  the  regulating 
plate  ;  also,  that  it  may  fold  up  or  down  to  any  inclination ; 
this  form  is  very  commodious  for  allowing  access  into  the 
fire-place  to  get  it  repaired,  or  the  like,  or  for  having  the 
fire  quickly  taken  from  it  altogether,  for  by  folding  the 
plate  to  a  level  as  represented  by  the  dotted  line,  Fig.  9, 
the  coal  which  is  in  the  hopper  is  prevented  from  falling 
into  the  fire-place,  and  there  is  a  greater  space  left  to  get 
into  it ;  this  form  may  either  admit  or  not  of  the  grated- 
doors  ;  indeed  the  simple  opening  does  veiy^  well.  Fig. 
9,  is  a  repre  sentation  of  the  side  of  the  hopper,  in  this 
form  :  another  method  of  the  hoj)per,  anel  letting  in  of  air, 
is  by  making  the  underside  of  the  top  plate  with  cheeks, 
or  grooves,  as  that  the  fresh  air  may  rush  down  in  them 
alxne  the  fuel  that  lies  in  the  hopjxr,  for  when  the  hop¬ 
per  is  fitted  in  as  close  with  coal  as  it  can  be,  these 
grooves  or  cheeks  prevent  the  coal  from  getting  into  them, 
and  form  separate  and  definite  spaces  for  the  air  to  rush 
down  on  the  burning  fuel,  and  perform  the  same  office  as 
the  regulating  plate,  though  the  projicr  quantity  cannot  be 
so  well  adjusted  this  way,  yet  the  only  way  to  accomplish 
this  is  to  hat  e  these  grooves  or  checks  made  as  near  the 
proper  size  as  possible ;  they  ought  also  to  be  so  narrow, 
that  little  of  the  coal  will  get  betw  ixt  them.  Fig.  10,  is 
a  I'ront  view  ol  the  hopper,  in  the  state  where  A  represents 
the  oiK^ning  coals  arc  put  into ;  another  method  is  to  let 
in  the  current  of  fresh  air  above  the  uppermost  plate  of  the 
hopixr,  this  may  be  done  either  by  another  plate  placed 
above,  or  the  building  so  formed  over  it,  as  that  a  projxr 
rpiantity  of  fresh  air  may  get  in,  and  in  a  proper  direction ; 
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indeed,  this  may  be  accomplished  many  ways  in  a  greater 
or  lesser  degrex*,  by  letting  in  a  definite  quantity,  directed 
in  such  a  manner  as  to  come  in  contact  with  the  fuel, 
though  perhaps  in  no  way  better  tlian  the  methods  explain¬ 
ed  ;  to  make  this  furnace  more  complete,  doors  are  placed 
to  the  front,  w  ith  a  sufficient  space  Ixknv  them  to  let  air 
into  the  furnace,  these  doors  art  represented  by  S  S,  Fig. 
8,  as  standing  open  ;  they  are  kept  shut  w  hile  the  furnace 
is  going,  except  w'hen  coals  are  put  in,  or  the  b..rs  cleans¬ 
ed,  or  the  like  when  they  are  opened  for  that  purpose ; 
the  use  of  these  doors  is  to  prevent,  in  a  great  measure, 
the  radient  heat  that, comes  from  under  the  b;a*s  and  from 
the  opening  at  the  forcside  from  escaping ;  this  also  adds 
something  to  tlie  draught  or  well-going  of  the  furnace, 
as  this  heat  when  suffered  to  escape  rarifies  the  air  before 
the  furnace,  which  air  passes  upw  ards,  performing  in  a  small 
degree  thiit  which  a  chimney  does,  and  depriving  the  fire 
of  a  portion  of  air  w  hich  it  otl^erwise  has  when  the  doors 
:ire  shut ;  these  furnaces  are  made  of  various  sizes,  accord¬ 
ing  to  the  uses  they  are  applied  to  ;  in  some  large  ones 
there  is  a  division  in  the  middle  of  the  hopper,  as  in  Fig. 
8  ;  this  size,  as  measured  by  the  scale,  w  ill  serve  a  steam- 
engine  boiler  of  about  nine  or  ten  feet  diameter ;  lesser 
furnaces  do  not  need  this  division  in  the  middle  of  the 
hopper.  In  w  itness  whereof.  See. 


Of  Steam  and  the  Steam  Engine • 

Before  I  enter  directly  upon  the  subject  of  the  steam 
engine,  it  will  be  necessary  that  the  reader  should  fully 
comprehend  the  doclrihes  of  fluidity,  evaporation,  latent 
heat  and  specific  heat ;  and  also  the  facts  ascertained  res¬ 
pecting  the  expansive  force  of  steam.  The  first  of  the 
following  extracts,  which  with  great  brevity  and  great 
clearness  gives  a  summary  of  die  doctrine  of  heat  or  calo- 
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ric  as  connected  w  ith  fluidity,  and  vapour  or  steam,  I  ow  e 
to  the  6th  edition  of  Dr.  Henry’s  chemistry^  which  is 
not  yet  commonly  know  n  in  this  countr}\  The  second 
extract,  I  have  taken  from  Gregory’s  treatise  on  mechanics, 
theoretical,  practical,  and  descriptive,  Vol.  2.  The  tables 
of  Betancourt  and  Dalton,  are  from  Prony’s  architecture 
hydraulique,  and  the  5th  vol.  of  the  Mancliester  transac¬ 
tions.  The  account  I  shall  give  of  the  history^  of  the 
steam  engine,  I  shall  adopt  from  Gregorys  Hornblower, 
and  Playfair.  Gregory’s  account  in  his  Encyclopaedia, 
and  his  plate  to  diat  account  w  hich  I  have  adopted,  are 
abridged  and  borrowed  from  the  article  steam  engine  in 
the  Edinburgh  Review,  and  Nicholson  and  Tilloch’s  Ma¬ 
gazines.  And  I  again  request  my  readers  to  turn  to  the 
excellent  articles,  “  steam,”  and  “  steam  engine”  in  that 
Encyclopaedia  (Dobson’s edit.)  asindispcnsible  to  be  care¬ 
fully  perused,  by  those  who  would  acquire  knowledge 
on  the  subject,  notwithstanding  the  illiberal  remarks  of 
Gregory  and  Hornblower  on  that  article  and  the  compiler 
ofit. 

Caloric  the  Cause  of  Fluidity, 

I.  The  temperature  of  melting  snoxVy  or  of  thawing  ice^ 
is  uniformly  the  same  at  all  times^  and  in  all  places. — 
This  may  be  ascertained  by  the  thermometer,  >vhich  will 
always,  when  immersed  in  liquefying  ice  or  snow,  point  . 
to  32®  of  Fahrenheit,  whatsoever  may  l)c  the  height  of 
the  barometer,  or  the  elevation,  above  the  sea,  of  the  place 
where  the  experiment  is  made.  (Shuckburgh,  Philosophi¬ 
cal  Transactions,  Ixix.) 

II.  The  sensible  heat^  or  temperature  of  ice^  is  not 
changed  by  liquefaction. — A  thermometer  in  pounded  ice 
stands  at  32®,  and  at  the  very  same  point  in  the  w^atcr 
tvhich  results  from  the  liquefaction  of  ice. 
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III.  Yet  ice^  during  liquefaction^  must  absorb  much  ca¬ 
loric, — Expose  a  pound  of  water  at  32®,  and  a  pound  of 
ice  at  32®,  in  a  room,  the  temperature  of  which  is  several 
degrees  above  the  freezing  point,  and  uniformly  the  same 
during  the  experiment.  The  water  will  arrive  at  the  tem¬ 
perature  of  the  room,  several  hours  before  tlie  ice  is  melt¬ 
ed  ;  and  the  melted  ice  will  have,  as  before  its  lk|uefac- 
tion,  the  temperature  of  32®.  Yet  the  ice  must,  during 
the  w  hole  of  this  time,  have  been  imbibing  caloric,  be¬ 
cause  (according  to  Experiment  IV.  M*)  ^  colder  body 
can  never  be  in  contact  w^ith  a  warmer  one,  without  re¬ 
ceiving  caloric  from  it.  The  caloric,  therefore,  which 
has  entered  the  ice,  but  is  not  to  be  found  in  it  by  the 
thermometer,  is  said  to  have  become  latent.  As  it  is  the 
cause  of  the  liquefaction  of  the  ice,  it  is  sometimes  called 
caloric  of  fluidity. 

IV.  The  quantity  of  caloric  that  enters  into  a  pound  of 
icey  and  becomes  latent y  during  Uqiafactiony  may  be  learn¬ 
ed  by  experiment. — Toajx)und  of  w  ater,  at  172*^,  add 
a  pound  of  ice  at  32®.  The  temperature  w'ill  not  be  the 
arithmetical  mean  (102®),  but  much  below  it,  viz.  32®. 
All  the  excess  of  caloric  in  the  hot  ^vater  has  therefore 
disappeared.  From  172®  take  32® ;  the  remainder, 
140®,  shows  the  quantity  of  caloric  that  enters  into  a 
pound  of  ice  during  liquefaction  ;  that  is,  as  much  calo¬ 
ric  is  absorlxxl  by  a  pound  of  ice,  during  its  conversion 
into  water,  as  w'ould  raise  a  pound  of  w^ater  from  32®  to 
l72o. 

It  is  from  the  property  of  its  uniformly  absorbing  the 
same  quantity  of  caloric  for  conversion  into  w’^ater,  that 
ice  has  been  ingeniously  applied,  by  Lavoisier  and  La¬ 
place,  to  the  admeasurement  of  the  heat,  evolved  in  certain 
operations.  Let  us  suppose  the  body  (from  which  the 
caloric,  evolved  either  by  simple  cooling  or  combustion, 
is  to  be  measured)  to  be  inclosed  in  a  hollow^  sphere  of  ice, 
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witli  an  opening  at  the  bottom.  When  thus  placed,  the  heat, 
which  is  given  out,  will  be  all  employed  in  melting  the 
ice  ;  and  will  produce  this  effect  in  direct  proportion  to 
its  quantity.  Hence  the  quantity  of  ice,  which  is  convert¬ 
ed  into  water,  will  be  an  accurate  measure  of  the  caloric, 
that  is  separated  from  the  body  submitted  to  experiment. 
In  this  way,  Lavoisier  ascertained  that  equal  weights  of 
different  combustible  bodies  melt,  by  burning,  verj^  differ¬ 
ent  weights  of  ice.  The  apparatus  which  he  employed 
for  this  purpose,  he  has  called  the  calorimeter.  Its  con¬ 
struction  can  scarcely  be  understood  wiihout  the  plate, 
which  accompanies  the  description  in  his  “  Elements  of 
Clx^mistry.” 

V.  Other  examples  of  the  absorption  of  caloric^  during 
the  liquefaction  of  bodies^  are  furnished  by  the  mixture  of 
snow  and  nitric  acid,  or  of  snow  and  common  salt,  both 
of  which,  in  common  language,  pnxluce  intense  cokl.* 

1.  Dilute  a  portion  of  nitric  acid  with  an  equal  weight 
of  water ;  and,  when  the  mixture  has  cooled,  add  to  it  a 
<juantity  of  light  fresh-fallen  snow.  On  immersing  the 
thermometer  in  the  mixture,  a  very  considerable  reduction 
of  temperature  will  be  observed.  This  is  owing  to  the 
absorption,  and  intimate  fixation,  of  the  frt^e  caloric  of 
the  mixture,  by  the  lupiefying  snow. 

2.  Mix  (}uickly  together  equal  weights  of  fresh-fallen 
snow  at  32°,  and  of  common  salt  cooled,  by  exposure  to 
a  freezing  atmosphere,  down  to  32°.  The  tw  o  solid  bo¬ 
dies,  on  admixture,  will  rapidly  liquefy  ;  and  the  thermo¬ 
meter  will  sink  32°,  or  to  0  or,  according  to  Sir  C.  Blag- 
den,  to  4°  lower.  (Philosophical  Trans:ictions,  Ixxviii. 
28 !.)  To  understand  this  experiment,  it  must  be  recol¬ 
lected,  that  the  snow  and  salt,  though  at  the  freezing  tem- 

•  The  extraordinary  powers  of  muriate  of  lime  and  snow,  in  ge¬ 
nerating  cold,  will  be  described  hereafter. 
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perature  of  water,  have  each  a  considerable  portion  of  un¬ 
combined  caloric.  Now,  salt  has  a  strong  affinity  for 
water  ;  but  the  union  cannot  take  place  while  the  water 
continues  solid.  In  order,  therefore,  to  act  on  the  salt, 
tlie  snow  absorbs  all  the  free  caloric  required  for  its  lique¬ 
faction  ;  and  during  this  change,  tlie  free  caloric,  both  of 
the  snow  and  of  the  salt,  amounting  to  32  *,  becomes  la¬ 
tent,  and  is  concealed  in  the  solution.  This  solution  re¬ 
mains  in  a  liquid  state  at  0,  or  4^  below  0  of  Fahren¬ 
heit  ;  but  if  a  greater  degree  of  cold  be  applied  to  it,  tlie 
salt  separates  in  a  concrete  form. 

3.  Most  neutral  salts,  also,  during  solution  in  water, 
absorb  much  caloric  ;  and  the  cold,  thus  generated,  is  so 
intense  as  to  freeze  water,  and  even  to  congeal  mercur\ . 
The  former  exjxrrimcnt,  howe\’er  [viz.  the  congelation  of 
water),  may  easily  be  repeated  on  a  summer’s  day.  Add 
to  32  drachms  of  water,  1 1  drachms  of  muriate  of  ammo¬ 
nia,  10  of  nitrate  of  jictash,  and  16  of  sulphate  of  socb, 
all  finely  powdered.  The  salts  may  be  dissolv  ed  separate¬ 
ly,  in  the  order  set  dow  n.  A  thermometer,  put  into  the 
solution,  will  show,  that  the  cold  produced  is  at  or  below 
freezing;  and  a  little  water,  in  a  thin  glasstube,  Ix'ing  im¬ 
mersed  in  the  solution,  w  ill  be  frozen  in  a  few  minutes. 
Various  other  freezing  mixtures  are  descrilx:d  in  Mr. 
Walker’s  pajxrrs  in  tlie  Philosophical  IVansiictions  for 
1787,  88,  89,  95,  and  1.  01.  Of  these  the  table,  given  in 
the  Appendix,  for  which  I  am  indebted  to  the  obliging 
communication  of  the  author,  contains  an  arranged  ab¬ 
stract. 

4.  Muriate  of  lime,  when  mixed  with  snow,  produces 
a  most  intense  degree  of  cold.  This  property  was  dis- 
coyered  some  years  ago  by  M.  Lowitz,  of  St.  Petersburg, 
and  has  been  since  applied,  in  this  countiy^,  to  the  conge¬ 
lation  of  mercury  on  a  very  extensive  scale.  The  propor¬ 
tions  which  answer  best,  are  about  equal  weights  of 
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the  salt  finely  powdered,  and  of  fresh-fallen  and  light  snow. 
On  mixing  these  together,  and  immersing  a  thermometei 
in  the  mixture,  the  mercury  sinks  with  gi'eat  rapidity.  Foi 
measuring  exactly  the  cold  produced,  a  spirit-theiTnome- 
ter, ’graduated  to  50''  below  0  of  Fahrenheit,  or  still  lower, 
should  be  employed.  A, few  pounds  of  the  salt  ai*e  suffi¬ 
cient  to  congeal  a  large  mass  of  mercury.  By  means  of 
13  pounds  of  the  muriate,  and  an  equal  weight  of  snow, 
Messrs.  Pepys  and  Allen  froze  56  pounds  of  quicksilver 
into  a  solid  mass.  The  mixture  of  the  whole  quantity  of 
salt  and  snow,  however,  was  not  made  at  once,  but  part 
was  expended  in  cooling  the  materials  themselves. 

On  a  small  scale  it  may  be  sufficient  to  employ  two 
or  three  pounds  of  the  salt.  Let  a  few  ounces  of  mercuiy , 
in  a  \cry  thin  glass  retort,  be  immersed  first  in  a  mixture 
of  one  pound  of  each ;  and  when  tliis  has  ceased  to  act, 
let  another  similar  mixture  be  prepared.  The  second 
will  never  fail  to  congeal  the  quicksilver. 

The  salt  thus  expended  may  be  again  evaporated,  and 
crj^stallized  for  future  experiments. 

The  reader,  who  wishes  for  farthex  particulars  respect¬ 
ing  these  experiments,  is  referred  to  the  Philosophical 
Magazine,  vol.  iii.  p.  76. 

VI.  On  the  contrary^  liquids ^  in  becoming  solid,  evolve 
or  give  out  caloric,  or,  in  common  language^  produce  heat, 

1.  Water,  if  kept  perfectly  free  from  agitation,  may  be 
cooled  down  several  degrees  below  32^  ;  but,  on  shaking 
it,  it  immediately  congeals,  and  the  temperature  rises  to 
32^ 

2.  Expose  to  the  atmosphere,  when  at  a  temperature 
below  freezing  (for  example,  at  25^  of  Fahrenheit),  two 
equal  quantities  of  water,  in  one  only  of  ^vhich  about  a 
fourth  of  its  weight  of  common  salt  has  been  dissolved. 
The  saline  solution  will  be  gradually  cooled,  without 
freezing,  to  25*^.  The  pure  water  will  gradually  descend 
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to  32**,  and  will  there  remain  stationary  a  considerable 
time  before  it  congeals.  Yet  while  thus  stationary,  it 
cannot  be  doubted,  that  the  pure  water  is  yielding  caloric 
to  the  atmosphere,  equally  with  the  saline  solution ;  for  it 
is  impossible  that  a  \varmer  body  can  be  surrounded  by  a 
cooler  one,  without  imparting  caloric  to  the  latter.  The 
reason  of  this  equable  temperature  is  well  explained  by 
Dr.  Craw  ford.  (  On  Heaty  p.  80.^^  Water,  he  observes, 
during  freezing,  is  acted  upon  by  tw^o  opposite  powers  : 
it  is  deprived  of  caloric  by  exposure  to  a  medium,  whose 
temperature  is  below  32®  ;  and  it  is  supplied  with  calo¬ 
ric,  by  the  evolution  of  that  principle  from  itself,  viz.  of 
that  portion  which  constituted  its  fluidity.  As  these  pow¬ 
ers  are  exactly  equal,  the  temperature  of  the  water  must 
remain  unchanged,  till  die  caloric  of  fluidity  is  all  evolv¬ 
ed. 

3.  The  evolution  of  caloric,  during  the  congelation  of 
water,  is  well  illustrated  by  the  following  experiment  of 
Dr.  Crawford  : — Into  a  round  tin  vessel  put  a  pound  of 
powdered  ice  ;  surround  this  by  a  mixture  of  snow  and 
salt  in  a  larger  vessel ;  and  stir  the  ice  in  the  inner  one, 
till  its  temperature  is  reduced  to  -f  4°  of  Fahrenheit.  To 
the  ice  thus  cooled,  add  a  pound  of  water  at  32®.  One 
5th  of  this  will  be  frozen  ;  and  the  temperature  of  the  icc 
will  rise  from  4°  to  32®.  In  this  instance,  the  caloric, 
evolved  by  the  congelation  of  one  5th  of  a  pound  of  water, 
raises  the  temperature  of  a  pound  of  ice  28®. 

4.  If  we  dissolve  sulphate  of  sodii  in  w^ater,  in  the  pro¬ 
portion  of  one  part  to  five,  and  surround  the  solution  by 
a  freezing  mixture,  it  cools  gradually  dow^n  to  31®.  .  The 
salt,  at  this,  point,  begins  to  be  deposited,  and  stops  the 
cooling  entirely.  This  evolution  of  caloric,  during  tlie 
separation  of  a  salt,  is  exactly  the  reverse  of  what  happens 
during  its  solution.  (Blagden,  Philosophical  Transact 
tions,  Ixxviii.  290.) 

Vol.  II.  D 
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5.  To  a  saturated  solution  of  sulphate  of  potash  in  wa¬ 
ter,  or  of  any  salt  that  is  insoluble  in  alcohol,  add  an  equal 
measure  of  alcohol.  The  alcohol,  attracting  tlie  water 
more  strongly  than  the  salt  retains  it,  precipitates  tlie  salt, 
and  considerable  heat  is  produced. 


Caloric  the  Cause  of  Vapour. 

I.  Every  liquid^  when  of  the  same  degree  of  chemical 
purity^  and  under  equal  circumstances  of  atmospheric  pres¬ 
sure^  has  one  peculiar  point  of  temperature^  at  which  it 
invariably  boiU. — Thus,  pure  water  always  boils  at  212®, 
alcohol  at  176,  and  ether  at  98®  Fahrenlieit ;  and,  when 
once  brought  to  the  boiling  jioint,  no  liquid  can  be  made 
hotter,  however  long  tlK'  application  of  heat  be  continued. 
The  boiling  point  of  w^ater  may  be  readily  ascertained,  by 
immersing  a  thermometer  in  w^ater  boiling  over  tlie  fire. 

As  there  is  some  danger  in  applying  heat  directly  to  a 
vessel  confining  either  etlier  or  alcohol,  the  ebullition  of 
these  fluids  may  be  shown,  by  immersing  tlie  vessel  con¬ 
taining  them  in  water,  the  temjxrature  of  which  may  be 
gradually  raised.  The  appearance  of  Ixiiling  is  owing  to 
the  formation  of  vapour  at  the  bottom  of  tlie  vessel,  and 
its  escape  through  the  heated  fluid  above  it.  That  the 
steam,  which  escajies,  is  actually  formed  at  the  bottom, 
and  not  at  the  top  of  the  water,  may  be  seen  by  boiling 
some  water  in  a  Florence  flask,  or  other  transparent  ves¬ 
sel,  over  an  Argand’s  lamp.  Tlie  bubbles  of  vapour  will 
all  ascend  from  the  bottom  of  the  vessel. 

II.  Steam  has  exactly  the  same  temperature  as  boiling 
water. — Lei  a  tin  vessel  be  provided,  having  two  holes 

in  its  cover,  one  of  which  is  just  large  enough  to  admit  | 
the  stem  of  a  tlicrmomcter.  Fill  it  partly  with  water,  and 
let  the  bulb  of  the  thermometer  be  an  inch  or  tw  o  above 
tlie  Surface  of  the  water,  leaving  the  other  ajKrturc  open 
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ibr  the  escape  of  vapour.  When  tlic  water  boils,  the 
tlK'rmometer,  surrounded  by  steam,  will  rise  to  212®, 
which  is  precisely  the  temperature  of  the  water  beneath ; 
yet  water,  placed  on  a  fire,  continues  to  receive  heat,  very 
abundantly,  evai  when  boiling  hot ;  aiKl  as  this  heat  is 
not  ap|)reciable  by  the  thermometer,  it  must  exist  in  the 
steam,  in  a  latent  state. 

Perfectly  formed  steam  is  entirely  invisible.  We  may 
satisfy  ourselves  of  this  by  boiling  strongly  a  small 
(juantity  of  water  in  a  flask  ;  for  complete  transparen¬ 
cy  will  exist  in  the  upper  piirt  of  the  vessel.  It  is  only 
when  it  begins  to  be  condensed,  that  steam  becomes  vi¬ 
sible.  We  have  a  proof  also,  of  the  same  fact  in  the 
thick  fogs,  which  are  produced  by  a  sudden  transition  from 
warm  to  cold  weather ;  the  vapour,  which  was  impercep- 
tible  at  tlic  higher  temj^erature,  being  condensed  and  ren¬ 
dered  visible  by  the  lower. 

III.  The  boiling  point  of  the  same  fiuid  varies^  under 
different  degrees  of  atmospheric  pressure.  Thus,  water, 
which  has  been  removed  from  the  fire,  and  ceased  to  boil, 
has  its  ebullition  renewed,  when  it  is  placed  under  a  re¬ 
ceiver,  the  air  of  which  is  quickly  exhausted  by  an  air 
pump.  Alcohol  and  ether,  confined  under  an  exhausted 
receiver,  boil  violently  at  the  temperature  of  the  atmos¬ 
phere.  In  general,  liquids  boil  in  vacuo j  with  about  140® 
less  of  heat,  than  are  required  under  a  mean  pressure  of 
the  atmosphere.  (Black's  Lectures,  i.  151.)  Even  the 
ordinary  variations  in  the  weight  of  the  air,  as  measured 
by  the  barometer,  are  sufficient  to  make  a  difference  in 
the  boiling  point  of  water  of  about  S®  between  the  two 
extremes.*  On  ascending  considerable  heights,  as  to  the 
tops  of  mountains,  tlie  boiling  point  of  water  gradually 

*  Sir  G.  Shuckburgh,  in  philosophical  Transaefions,  Ixxix., 
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falls  on  the  scale  of  the  thermometer.  Thus  on  tlic  sum¬ 
mit  of  Mount  Blanc,  water  was  found  by  Saussure  to  boil 
at  187®  Fahrenheit.* 

The  influence  of  a  diminished  pressure  in  facilitating^ 
ebullition,  may  be  inferred  also  from  the  following  very 
simple  experiment :  Place,  over  a  lamp,  a  Florence  flask, 
about  three  4ths  filled  with  water ;  let  it  boil  briskly 
during  a  few  minutes ;  and,  immediately  on  removing  it 
from  the  lamp,  cork  it  tightly,  and  suddenly  invert  it. 
The  water  will  now  cease  to  boil ;  but,  on  cooling  the 
convex  part  of  the  flask  by  a  stream  of  cold  water,  the 
boiling  will  be  renewed.  Applying  boiling  water  from 
the  spout  of  a  tea-kettle  to  tlie  same  part  of  the  flask,  the 
water  will  again  cease  to  boil.  This  renewal  of  the  ebulli¬ 
tion,  by  the  application  of  cold  (an  apparent  paradox,)  is 
owing  to  the  formation  of  an  imperfect  vacuum  over  the 
hot  water,  by  the  condensation  of  steam  ;  and  the  suspen¬ 
sion  of  the  boiling,  on  re-applying  the  heat,  to  the  renewed 
pressure  on  the  surface  of  the  hot  water,  occasioned  by  the 
formation  of  fresh  steam. 

From  these  facts,  it  may  be  inferred,  that  the  particles 
of  caloric  arc  mutually  repulsive,  and  that  they  commu¬ 
nicate  this  repulsive  tendency  to  other  bodies  in  which  ca¬ 
loric  is  contained.  This  repulsive  power  tends  to  change 
solids  into  fluids,  and  liquids  into  aeriform  bodies,  and  is 
chiefly  counteracted  by  the  pressure  of  the  atmosphere. 

Were  this  counteracting  cause  removed,  many  bodies, 
which  at  present  have  a  fujuid  form,  would  cease  to  be 
such,  and  would  be  changed  into  a  gaseous  state.  Pre¬ 
cisely  the  same  eftect,  therefore,  results  from  the  preva¬ 
lence  of  either  of  these  forces.  Add  to  certain  liquids  a 
quantity  of  caloric,  in  otlier  words,  place  them  in  a  high 

*  This  furnishes  one  of  tlic  means  of  measuring  the  height  of 
mountains,  ^ 
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temperature,  and  they  are  immediately  converted  into 
gases;  or,  their  temperature  remaining  the  same,  diminish 
the  weight  of  the  atmosphere ;  and  the  caloric,  which 
they  naturally  contain,  exerts  its  repulsive  tendency  with 
equal  effect,  and  they  are  in  like  manner  converted  into 
gases.  These  facts  are  best  shown  by  the  following  ex¬ 
periments  on  ether : 

1.  Ether,  at  the  temperature  of  I04o,  exists  in  the  state 
of  a  gas.  This  may  be  shown  by  filling  a  jar  with  water 
of  this  temperature,  and  inverting  it  in  a  vessel  of  the  same. 
Then  introduce  a  little  ether,  by  means  of  a  small  glass 
tube  closed  at  one  end.  The  ether  w  ill  rise^to  the  top  of 
the  jar,  and,  in  its  ascent,  w^ill  be  changed  into  gas,  filling 
the  whole  jar  with  a  transparent  invisible  elastic  fluid. 
On  permitting  the  water  to  cool,  the  ethereal  gas  is  con- 
densed,  and  the  inverted  jar  again  becomes  filled  with 
water. 

2.  Ether  is  changed  into  gas  by  diminishing  the  w^eight 
of  the  atmosphere.  Into  a  glass  tube,  about  six  inches 
long,  and  half  an  inch  in  diameter,  put  a  tea-spoonful  of 
etlier,  and  fill  up  the  tube  with  water  ;  then,  pressing  the 
thumb  on  the  open  end  of  the  tube,  place  it,  inverted,  in 
a  jar  of  w^ater.  Let  the  whole  he  set  under  the  receiver  of 
an  air  pump,  and  the  air  exhausted.  The  ether  will  be 
changed  into  gas,  w  hich  w  ill  expel  the  water  entirely  from 
the  tube.  On  re-admitting  the  air  into  the  receiver,  the 
gas  is  again  condensed  intoa  licpiiel  form. 

-  IV.  the  contrary,^  by  considerably  increasing  the 
pressure^  water  may  be  heated  to  above  400®  Fahrenheit^ 
xvithout  being  changed  into  vapour.  This  experiment  re¬ 
quires,  for  its  performance,  a  strong  iron  vessel,  called  a 
Papin’s  digestor,  which  is  an  iron  boiler  holding  half 

*  The  lines  marked  with  brackets,  I  have  substituted  for  Dr. 
Henry’s  text,  which  refers  to  figures  that  I  cannot  give.  T.  C. 
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“  a  gallon  or  a  gallon  ;  m  ith  a  cover  that  screws  on  so 
“  accurately  as  to  be  steam-tight.  In  die  cover  is  a  hole, 
“  which  may  be  stopjx^d  with  a  stopjier  of  any  kind,  as 
‘‘  of  coi'k  or  soft  wo<xl.  This  stopper  is  attached  to  a 
“  lever,  of  wliich  one  end  is  fastened  by.  a  joint  or  hinge 
to  the  middle  of  the  cover,  and  on  the  other  end  which 
“  projects  beyond  the  cover,  weights  may  be  hung  as  on 
“  the  end  of  a  steel-yard.  The  stopjicr  is  kept  down  by 
a  pressure,  which  is  measured  by  the  weight  suspended 
“  at  die  end  of  the  lever.  In  this  vessel,  steam  may  be 
“  made  nearly  n:*d-hot.  A  thermometer  graduated  to 
“  400  degrees,  or  upwards,  may  be  fixed  in  the  cover, 
“  and  secured  ;  but  it  is  not  prudent  to  give  a  heat  beyond 
“  300  or  350. 

“  When  die  barometer  is  about  half  way  between  29 
“  and  30,  the  lieat  of  boiling  water  is  indicated  by  212  of 
“  Fahrenheit’s  thermometer.  When  the  safety  valve  is 
“  loaded  with  one  atmosphere,  or  141bs.  the  water  will 
“  rise  to  240.  When,  with  two  atmospheres  or  281bs.  it 
“  will  raise  die  mercury  to  270  degrees. 

“  The  barometer  being  as  above  mentioned,  that  is, 
“  about  die  average  weight  of  the  atmosphere,  the  boiling 
“  point  of  ether  is  98®  ofjFahrenheit :  of  alcohol  of  specific 
“  gravity  ,825,  176° ;  water,  212° ;  oil  of  turpentine^ 
“  560°  ;  linseed  oil,  600°  ;  mercury,  660°. 

“  According  to  the  exiKriments  of  Professor  Robison, 
“  a  vacuum  occasions  liquids  of  whatever  kind,  to  boil 
“  at  145  degrees  lower,  than  they  w’ould  boil  under  an  at- 
“  mosphcric  pressure  indicated  by  30  inches  of  the  baro. 
“  meter.  At  this  rate,  water  ought  to  boil  in  vacuo  at  67® 
“  Fahrenheit ;  but  Dr.  Thompson  found  the  boiling  point 
“  of  water  under  the  best  vacuum  he  could  make,  of 
“  course  not  a  perfect  one,  90  degrees. 

“  It  may  be  useful  to  state,  that  according  to  Achard’s 
“  exix^riments,  water  saturated  with  common  salt  is  cnab- 
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led  to  receive  an  addition  of  heat  equal  to  10,35°,  that 
is,  water  saturated  with  common  salt  boils  at  222,35, 
“  when  it  would  otherwise  boil  at  212.  If  saturated  ivith 
“  s^  ammoniac,  it  boils  at  221,79.  Borax,  sulphat  of 
magnesia,  and  sulphat  of  lime,  lowered  the  boiling  pointr 
“  These  are  facts  important  to  the  theorj’  of  a  steam  cn- 
gine.” 

V.  The  absorption  of  caloric,  during  evaporation,  shcrvtm 
by  experiment. — Moisten  a  thermometer  with  alcohol,  ca: 
with  ether,  and  expose  it  to  the  air,  repeating  these  opera¬ 
tions  alternately.  The  mercury  of  the  thermometer  will 
sink  at  each  exposure,  because  the  volatile  liquor,  during 
evaporation,  robs  it  of  its  heat.  In  this  way  (especially 
with  the  aid  of  an  apparatus  described  by  Mr.  Cavallo,  in 
the  Philosophical  transactions,  1781,  p.  509),  water  may 
be  frozen  in  a  thin  and  small  glass  ball,  by  means  of  ether. 
The  same  effect  may  be  obtained,  also,  by  immersing  a 
tube,  containing  water  at  the  bottom,  in  a  glass  of  etlicr, 
which  is  to  be  placed  under  the  receiver  of  an  air  pump ; 
or  the  ether  may  be  allowed  to  float  on  the  surface  of  the 
water.  During  the  exhaustion  of  the  vessel,  the  ether 
will  evaporate  rapidly ;  and,  robbing  the  water  of  heat, 
will  completely  freeze  it ;  thus  exhibiting  the  singular 
spectacle  of  two  fluids  in  contact  w  ith  each  other,  one  of 
which  is  in  the  act  of  boiling,  and  tlie  other  of  freezing, 
at  the  same  moment. 

VI.  The  fixation  of  caloric  in  water,  by  its  conversion 
into  steam,  may  he  shewn  by  the  following  experiments : 
— 1.  Let  a  pound  of  water  at  212®,  and  eight  pounds  of 
iron  filings  at  300®,  be  suddenly  mixed  togetlKr.  A  large 
quantity  of  vapour  w^ill  be  instantly  generated ;  and  the 
temperature  of  the  mixture  w  ill  lx;  onl}^  212®;  but.  that 
of  die  vapour  produced,  is  also  not  more  Uian  212®  ;  and 
the  steam  must  therefore  contain,  in  a  latent  or  combined 
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form,  all  tlie  caloric  which  rai^cl  the  temperature  of  eight 
pounds  of  iron  filings  from  212°  to  300°. 

2.  The  quantity  of  caloric,  which  thus  becomes  latent 
during  tlie  formation  of  steam,  may  be  approximated,  by 
repeating  the  following  experiment  of  Dr.  Black  :  He 
placed  two  cylindrical  flat  bottomed  vessels  of  tin,  five 
inches  in  diameter,  and  containing  a  small  quantity  of 
water  at  50°,  on  a  red  hot  iron  plate,  of  the  kind  used  in 
kitchens.  In  four  minutes  the  water  began  to  boil,  and 
in  twenty  minutes  the  whole  was  boiled  away.  In  four 
minutes,  therefore,  the  water  received  162®  of  tempe¬ 
rature,  or  40J°  in  each  minute.  If  we  supp>ose,  therefore, 
that  the  heat  continues  to  enter  tlie  w  ater  at  the  same  rate, 
during  the  .whole  ebullition,  we  must  conclude  that  40i® 
X  20°  =810  have  entered  the  water,  and  are  contained 
in  the  vapour. 

It  has  been  found  by  experiment  that  75  pounds  of 
Newcastle  coal,  or  100  pounds  of  coal  of  medium  quali- 
ty,  applied  in  the  liest  manner,  are  required  for  the  vapo¬ 
rization  of  12  cubic  feet,  or  about  89^  wine  gallons  of 
water.  A  pound  of  coal,  on  the  average,  may  be  consi¬ 
dered  as  equivalent  to  convert  a  gallon  of  water  into  va¬ 
pour.^ 

VII.  Watery  by  coTwersion  into  steamy  has  its  bulk  pro¬ 
digiously  enlarged;  viz.  according  to  Mr,  WatVs  expert- 
mentSy  about  1800  times.  A  cubic  inch  of  water  (or  252 
grains)  occupies,  therefore,  when  converted  into  steam, 
the  space  of  rather  more  than  a  cubic  foot.  Hence  its 
specific  gravity,  under  the  ordinary  pressure  of  the  air,, 
is  to  that  of  common  air,  nearly  as  450  to  1000,  or  9  to 
20. 

*  The  consumption  of  coal  in  Boulton  and  Watt’s  steam  en¬ 
gine,  is  about  5  Jib.  per  hour  for  the  power  of  one  horse :  that  is  a 
power  equal  to  the  raisings  330CQlb.  one  foot  high  in  a  minute. 

T.  C. 
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VIII.  On  the  contrary^  vapours^  during  their  conver¬ 
sion  into  a  liquid  form^  evolve^  or  give  outy  much  caloric. 
The  heat  given  out,  by  the  condensation  of  steam,  is  ren¬ 
dered  apparent  by  the  follqwing  experfment :  Mix  iOO 
gallons  of  water  at  50°,  with  1  gallon  of  water  at  212®, 
The  temperature  of  the  water  will  be  raised  about 
Condense  by  a  common  still-tub,  1  gallon  of  water,  from 
the  state  of  steam,  by  100  gallons  of  water,  at  the  tempe¬ 
rature  of  50®.  The  water  will  be  raised  11®.  Hence, 
1  gallon  of  water,  condensed  from  steam,  raises  the  tem¬ 
perature  of  100  gallons  of  cold  water  9f  ®  more  than  1 
gallon  of  boiliiig  water  ;  and,  by  an  easy  calculation,  it 
appears,  that  the  caloric  imparted  to  the  100  ^llons  of 
cold  water  by  8  pounds  of  steam,  if  it  could  be  condensed 
in  1  gallon  of  water,  would  raise  it  to  950®.  (Black’s 
Lectures,  i.  169.) 

For  exhibiting  the  same  fact,  by  means  of  a  small  ap¬ 
paratus,  which  may  be  placed  on  a  table,  and  with  the  as- 
siUince  only  of  a  lamp,  the  boiler  already  described  (fig.* 
46)  will  be  found  extremely  well  adapted.  Tlie  right 
angle  pipe  e  must  be  screwed,  however,  into  its  place,  and 
must  be  made  to  terminate  at  the  bottom  of  a  jar,  con¬ 
taining  a  known  quantity  of  water  of  a  given  temperature. 
This  conducting  pipe  and  the  jar  should  be  wrapped 
round  with  a  few  folds  of  flannel.  The  apparatus  being 
thus  disposed,  let  the  water  in  the  boiler  be  heated  by  an 
Argand’s  lamp,  with  double  concentric  wicks,  till  steam 
issues  in  considerable  quantity  through  the  cock  r,  w  hich 
is  then  to  be  closed.  The  steam  will  now  pass  through 
the  right  angled  pipe  into  the  water  contained  in  the  jar, 
which  w  ill  condense  the  steam,  and  will  have  its  tempera¬ 
ture^  very  considerably  raised.  Ascertain  the  augmenta¬ 
tion  of  temperature  and  weight ;  and  the  result  will  show’, 
how  much  a  given  weight  of  water  has  had  its  tempera- 
^  .1  cannot  give  the  figure  here.  T.  C. 
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ture  raised  by  a  certain  weight  of  condensed  steam.  To 
anotlier  quantity  of  water,  equal,  in  weight  and  temperature 
to  tliat  contained^ in  the  jar  at  the  outset  of  tlie  experiment, 
add  a  quantity  of  water  at  2 1 2®,  equal  in  weight  to  the 
condensed  steam  ;  it  will  be  found,  on  comparison  of  the 
two  resulting  temperatures,  tlvat  a  given  weight  of  steam 
has  produced,  by  its  condensation,  a  much  greater  eleva¬ 
tion  of  temperature,  than  the  same  quantity  of  boiling  wa¬ 
ter.  This  will  be  better  understood  by  the  following  ex¬ 
ample,  taken  from  actual  experiment : 

Into  eight  ounces  of  water,  at  50®  Fahrenheit,  contain¬ 
ed  in  a  glass  jar,  steam  was  passed  from  a  boiler,  till 
the  temperature  of  the  water  in  the  jar  rose  to  173®.  On 
weighing  the  water,  it  was  found  to  have  gained 
drachms ;  that  is,  precisely  81  drachms  of  steam  had 
been  condensed,  and  had  imparted  its  heat  to  the  water. 
To  facilitate  the  explanation  of  this  experiment,  it  is  ne¬ 
cessary  to  premise  the  following  remarks. 

To  measure  the  whole  quantities  of  caloric  contained 
in  different  bodies,  is  a  problem  in  chemistry  which  has 
not  yet  been  solved.  But  the  quantities  of  caloric,  added 
to,  or  substracted  from,  difftmit  bodies  (setting  out  from 
a  given  tempcTature)  may,  in  many  cases,  be  measured 
and  compared  with  considerable  accuracy.  Thus,  if,  as 
has  been  already  stated,  two  pounds  of  water  at  120®  be 
mixed  with  two  pounds  at  60®,  half  the  excess  of  caloric 
in  the  hot  water  will  pass  to  the  colder  portion  ;  that  is, 
the  hot  water  will  be  cooled  30  ,  and  the  cold  will  re- 

*  I  find  the  following  a  convenient  method  of  performing  this 
experiment.  In  a  tin  vessel  holding  a  quart,  inclosed  in  another 
tin  vessel  and  surrounded  by  an  inch  of  powdered  and  well  dried 
charcoal,  put  one  pint  or  1 6  oz.  by  weight  of  water  at  the  common 
temperature  of  the  room.  Into  a  small  retort  put  one  ounce  of 
water  of  the  same  temperature.  Evaporate  it  by  a  patent  lamp, 
placing  the  end  of  the  retort  in  the  pint  of  water.  When  evapo¬ 
rated  ti7  the  tempemture  of  the  water  iu  the  tin  vessel.  T.  C. ' 
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oeive  30®  of  temperature ;  and  if  the  evperiment  be  con- 
ducted  with  proper  precautions,  90®,  the  arithmetical 
mean  of  the  temperature  of  the  separate  parts,  will  be  the 
temperature  of  the  mixture.  If  three  pounds  of  water  at- 
100®  be  mixed  with  one  pound  at  60®,  we  shall  have  the 
same  quantity  of  heat  as  before,  viz.  four  pounds  at  90®. 
Hence,  if  the  quantity  of  w  ater  be  multiplied  by  the  tem¬ 
perature,  the  product  will  be  a  comparative  measure  of 
the  quantity  of  caloric  w  hich  the  water  contains,  exceed¬ 
ing  the  zero  of  the  thermometer  employed. 

Thus,  in  the  last  example, 

3  X  100  =  300  =  the  caloric  above  zero  in  the  first  portion., 
lx  60  ==  60  =  the  caloric  above  zero  in  the  second  do. 


The  sum,  360  =  the  caloric  above  zero  in  the  mixture. 
Dividing  360  by  4,  the  whole  quantity  of  water,  we  ob¬ 
tain  90® ,  the  temperature  of  the  mixture. 

This  method  of  computation  may  lx?  conveniently  ap¬ 
plied  to  a  variety  of  cases.  Thus,  in  the  foregoing  expe¬ 
riment,  8*  drachms  of  steam  at  212®,  added  to  64  drachms 
of  w^ater  at  50^,  produced  12\  drachms  of  w^ater  at  173®. 
Now, 

724  X  173  =  125421  =  whole  heat  of  the  mixture. 

C  heat  of  64  drachms,  one  of 
\  the  component  parts. 

C  heat  of  85  drachms,  the  other 
f  component  part. 


64  X  50  =  3200  = 


93424  = 


Therefore  93421  divided  by  84  =  1099,  should  have 
been  the  temperature  of  the  latter  portion  (viz.  v  4  drachm's), 
had  none  of  its  heat  been  latent ;  and  109^^ — 212  =  887 
gives  the  latent  heat  of  the  steam.  This  result  does  not 
differ  more  than  might  be  expected,  owing  to  tlie  unavoid- 
able  inaccuracies  of  the  experiment,  from  Mr.  Watt’s  de¬ 
termination,  which  states  the  latent  heat  of  steam  at  900®, 
or  from  that  to  950®,  (Black’s  Lectures,  i,  174.)  La- 
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voisier,  with  the  aid  of  the  calorimeter,  makes  it  1000® 
or  a  little  more.  (Ibid.  175.) 

Y^.^The  same  weight  of  steam  contains^  whatever  may 
be  its  density^  the  same  quantity  of  caloric  ;  its  latent  heat 
being  increased  in  exact  proportion  as  its  sensible  heat’  is 
diminished;  and  the  reverse. — This  principle,  though 
scarcely  admitting  of  illustration  by  any  easy  experiment, 
is  one  of  considerable  importance;  and  an  ignorance 
of  it  has  been  the  occasion  of  many  fruitless  attempts  to 
improve  the  economy  of  fuel  in  the  steam  engine.  The 
fact,  so  far  as  respects  steam  of  lower  density  thim  that 
of  30  inches  of  mercury,  was  long  ago  determined  experi¬ 
mentally  by  Mr.  Watt.  (Black,  i.  190.)  As  the  boiling 
point  of  liquids  is  known  to  be  considerably  reduced  un¬ 
der  a  diminished  pressure,  it  seemed  reasonable  to  suspect 
that,  under  these  circumstances,  steam  might  be  obtained 
from  them  with  a  less  expenditure  of  heat.  Water,  Mr. 
Watt  found,  might  easily  be  distilled  in  vacuo  when  in 
the  temperature  of  only  70®  Fahrenheit.  But,  by  con¬ 
densing  steam  formed  at  this  temperature,  and  observing 
the  quantity  of  heat  which  it  communicated  to  a  given 
weight  of  water,  he  determined  tliat  its  latent  heat,  instead 
of  being  only  950®,  was  between  1200'*  and  1300®. 

The  same  principle  may  be  explained,  also,  by  the  fol¬ 
lowing  illustration,  which  was  suggested  to  me  by  Mr. 
Ewart.  Let  us  suppose  that  in  a  cylinder,  furnished  with 
a  piston,  we  have  a  certain  quantity  of  steam,  and  that  it 
is  suddenly  compressed,  by  a  stroke  of  the  piston,  into 
half  its  bulk.  None  of  the  steam  will  in  this  case  be  con¬ 
densed  ;  but  it  w  ill  accpiire  double  elasticity,  and  its  tem¬ 
perature  w  ill  be  considerably  increased.  Now  if  we  ei¬ 
ther  suppose  the  cylinder  incapable  of  transmitting  heat, 
or  take  the  moment  instantly  following  the  compression 
befoR*  any  Iwat  has  had  time  to  escape,  it  must  be  evident 
tlrat  the  .  sensible  and  latent  lieat  of  the  steam,  taken  toge- 
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ther  before  compression,  are  precisely  equal  to  the  sensi¬ 
ble  and  latent  heat  taken  together  of  the  denser  steam/  But 
in  the  dense  steam,  the  sensible  beat  is  increased,  and  the 
latent  heat  proportionally  diminished.  The  explanation 
of  this  fact  will  be  furnished  by  a  principle  to  be  hereafter 
explained,  that  the  capacities  of  elastic  fluids  for  caloric 
are  uniformhj  diminished  by  increasing  their  density. 

The  large  quantity  of  caloric,  latent  in  steam,  renders  its 
application  extremely  useful  for  practical  purj^oses.  Thus, 
water  may  be  heated,  as  in  the  foregoing  experiment,  at  a 
considerable  distance  from  the  source  of  heat,  by  lengthen¬ 
ing  the  conducting  pipe  e.  This  furnishes  us  with  a 
commodious  method  of  warming  the  water  of  baths, 
which,  in  certain  cases  of  disease,  it  is  of  importance  to 
have  near  the  patient’s  bed  room ;  for  the  boiler,  in  which 
the  water  is  heated,  may  thus  be  placed  on  the  ground 
floor,  or  in  the  cellar  of  a  house ;  and  the  steam  convey¬ 
ed  by  pipes  into  an  upper  apartment.  Steam  may  also 
be  applied  to  the  purpose  of  heating  or  evaporating  water, 
by  a  modification  of  the  apjxiratus. 

Specific  Caloric. 

Equal  weights  of  the  same  body,  at  the  same  tempera-, 
ture,  contain  the  same  quantities  of  caloric.  But  equal 
weights  of  different  bodies,  at  the  same  temperature,  con¬ 
tain  unequal  quantities  of  caloric.  The  quantity  of  calo¬ 
ric,  which  one  body  contains,  compared  with  tliat  contain¬ 
ed  in  another,  is  called  its  specific  caloric  ;  and  the  power 
or  property,  which  enables  bodies  to  retain  different  quan¬ 
tities  of  caloric,  has  been  called  capacity  for  caloric.  Tlie 
method  of  determining  tlie  specific  caloric,  or  comparative 
quantities  of  caloric  in  different  bodies,  is  as  follows : 

It  has  already  been  observed,  that  equal  weights  of  the 
same  body,  at  different  temperatures,  give,  on  admixture, 
the  arithmetical  mean.  Thus,  the  temperature  erf  a  pint 


.38 


Steam  Engine. 

of  hot  water  and  a  pint  of  cold,  is,  aftef  mixture,  very 
nearly  half  way  !3etwcen  that  of  the  tw  o  extremes.  But 
this  is  not  the  case,  when  equal  quantities  of  different  bo¬ 
dies,  at  different  temperatures,  are  employed. 

[a)  If  a  pint  of  quicksilver  at  100*  Fahrenheit,  be  mix¬ 
ed  with  a  pint  of  w^ater  at  40^,  the  resulting  tempcnitiire 
will  not  be  70^’  (the  arithmetical  mean),  but  only  60^"^ 

.  Hence. the  quicksilver  loses  40^  of  heat,  which  neverthe¬ 
less  raise  the  temperature  of  the  water  only  20®  ;  in  otlier 
words,  a  larger  quantity  of  caloric  is  required  to  raise  the 
temjKrature  of  a  pint  of  water,  than  that  of  a  pint  of  mer¬ 
cury,  through  the  same  number  of  degrees.  Hence  it  is 
inferred,  that  water  has  a  greater  capacity  for  caloric  than 
is  inherent  in  quicksilver. 

{b)  The  exixirimcnt  may  be  reversed,  by  heating  the 
water  to  a  greater  degree  than  the  quicksilver.  If  the 
water  be  at  iOO®,  and  the  mercuiy  at  40®,  the  resulting 
tcmi:)eraturc  w  ill  be  nearly  fO®  ;  because  the  pint  of  hot 
water  contains  more  caloric,  than  is  necessarv  to  raise  the 
quicksilver  to  the  arithmetical  mean. 

(e)  Lastly  if  we  take  two  measures  of  quicksilver  to 
one  of  water,  it  is  of  no  consequence  which  is  the  hotter  ; 
for  the  resulting  temperature  is  always  the  mean  l>ctweeii 
tlie  two  extremes ;  for  example,  70^',  if  the  extremes  be 
100®  and  40®.  Here,  it  is  manifest,  that  the  same  (juan- 
tity  of  caloric,  which  makes  one  measure  of  wa^er  warmer 
by  30®,  is  sufficient  for  making  two  measures  of  quick¬ 
silver  warmer  by  the  same  number.  Quicksilver  has, 
therefore,  a  less  capacity  than  water  for  caloric,  in  the 
proportion,  when  equal  measures  are  taken,  of  one  to  tw  o. 

If,  instead  of  etjual  bulks  of  quicksilver  and  water,  we 
had  taken  equal  weights^  the  disparity  between  the  spe¬ 
cific  caloric  of  the  mercury  and  w  ater  would  have  been 
still  greater.  Thus  a  pound  of  w^ater  at  100®,  mixed  w  ith 
a  pound  of  mercury  at  40®,  gives  a  temperature  of  Vli, 
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or  275  ^  above  the  arithmetical  mean.  In  this  experiment, 
the  water,  being  cooled  from  100®  to  972  ®  has  lost  a  quan¬ 
tity  of  caloric  reducing  its  temperature  only  2^ ® ;  but  this 
caloric,  communicated  to  the  pound  of  mercury^  has  pro¬ 
duced,  in  its  temperature,  a  rise  of  no  less  than  5  <  2®. 
T  herefore,  a  quantity  of  caloric,  necessary  to  raise  the  tem¬ 
perature  of  a  pound  of  water  2}°,  is  sufficient  to  raise  that 
of  a  pound  of  mercury  571® ;  or,  by  the  rule  of  propor¬ 
tion,  the  caloric,  which  raises  the  temperature  of  a  pound 
of  water  1®,  will  raise  that  of  a  pound  of  quicksilver  a- 
bout  23  Hence  it  is  inferred,  that  the  quantity  of  ca¬ 
loric  contained  in  water,  is  to  that  contained  in  the  same 
weight  of  quicksilver  as  23®  to  1®.  Or,  stating  the  calo¬ 
ric  of  water  at  1*,  that  of  quicksilver  will  be  5^3  part  of  1®, 
or  0,435*. 

When  this  comparison  is  extended  to  a  great  variety  of 
bodies,  they  will  be  found  to  differ  very  considerably  in  their 
capacities  for  caloric.  The  results  of  numerous  experi¬ 
ments  of  this  kind  are  comprised  in  a  table  of  specific  ca¬ 
loric. 

Tlie  capacities  of  bodies  for  caloric,  influence  conside¬ 
rably,  the  rate  at  which  they  arc  heated  and  cooled.  In 
general,  those  bodies  are  most  slowly  heated,  and  cool 
most  slowly,  which  have  the  greatest  capacities  for  hcat.f 
Thus,  if  water  and  quicksilver  be  set,  in  similar  quanti¬ 
ties,  and  at  equal  distances  before  the  fire,  the  quicksilver 
will  be  much  more  rapidly  heated  than  the  water ;  and,  on 
removal  from  the  fire,  it  will  cool  with  proportionally 
greater  (juickness  than  the  water.  By  ascertaining  the 
comparative  rates  of  cooling,  we  may  even  determine, 
with  tolerable  exactness,  the  specific  caloric  of  bodies ; 


'*  Tlic  above  numbers,  which  clifFei*  fi*orA  those  commonly  sta-' 
•rrl,  arc  given  on  the  authority  of  Mr.  Dalton, 
t  Spo  Martine.  rrA  Kcat,  page  7U' 
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and  particularly  of  one  class  (the  gases),  which  arc  not 
easily  compared  in  any  other  way.  (See  Leslie  on  Heat, 
chap,  xxi.) 

ON  THE  ELASTICITY  OF  STEAM.* 

2  Gregory's  System  of  Mechanics, 

Since  the  imp>oitant  invention  of  the  Steam-engine,  ano¬ 
ther  species  of  first  movers  has  come  under  the  considera¬ 
tion  of  the  mechanical  investigator,  namely,  such  as  arise 
firom  the  volatilisation  of  different  fluids.  Of  these  the 
(Mie  most  commonly  chosen  is  the  steam  raised  from  hot 
water,  which  is  an  elastic  fluid,  and  which  when  raised 
with  the  ordinary  heat  of  boiling  water,  is  almost  3000 
times  rarer  than  water,  or  more  than  3-j  times  rarer  than 
air,  and  then  has  its  elasticity  equal  to  that  of  the  common 
atmospheric  air :  by  great  heat  it  has  been  found  that  the 
steam  may  be  expanded  into  14000  times  the  space  of 
water,  and  then  exerts  a  force  of  nearly  5  times  the  pres¬ 
sure  of  the  atmosphere :  and  there  is  no  reason  to  suppose 
this  is  the  limit :  indeed  some  accidents  which  have  hap- 
pened,  prove  clearly,  tliat  the  elastic  force  of  steam  may  at 
least  equal  that  of  gunpowder. 

The  observations  on  the  different  degrees  of  tempera¬ 
ture  acquired  by  water  in  boiling,  under  different  pressures 
of  the  atmosphere,  and  the  formation  of  the  vapour  from 
water  under  the  receiver  of  an  air-pump,  when  with  the 
common  temperatures  the  pressure  is  diminislied  to  a 
certain  degree,  shew  clearly  that  the  expansive  force  of 
vapour  or  steam  is  different  in  the  different  temperatures, 
and  that  in  general  it  increases  in  a  variable  ratio  as  the 
temperature  is  raised.  Previous  to  describing  the  method 
which  has  been  adopted  to  measure  the  force  of  steam 

*  Abridged  from  Prony's  Architecture  hydraulique  :  Prony V 
account  of  Betancourt’s  experiments,  Journal  de  TEcole  poly- 
technique  :  1  Phil.  Mag.  3  i5.  T.  C. 
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under  different  temperatures,  it  will  be  proper  to.  describe 
brk*fly  the  method  by  which  the  Chemists  account  for 
the  production  of  aeriform  fluids. 

The  term  Caloric  is  used  to  denote  the  cause,  whatever 
it  may  be,  of  heat,  and  of  the  phenomena  which  accompa¬ 
ny  heat :  it  is  now  almost  universally  admitted  to  be  a 
highly  elastic  fluid.  Every  body  is  according  to  its  na¬ 
ture,  capable  of  containing  under  a  given  volume  a  cer¬ 
tain  quantity  of  caloric,  either  greater  or  less :  this  pro¬ 
perty  was  first  observed  by  Dr.  Black,  and  the  English 
chemists  designated  it  by  the  term  Capacity  of  a  body  to 
contain  the  matter  of  heat.  Professor  Wilcke  and  M. 
Lavoisier  first  made  use  of  the  term  specific  caloric^  denot¬ 
ing  by  it  the  quantity  of  caloric  resj^ectively  necessary  to 
elevate  to  the  same  number  of  degrees  the  temperature  of 
several  bodies  of  equal  weight.  ^ 

Substances  volatilised  and  reduced  to  gas  or  aeriform 
fluids,  are  nothing  else  than  ordinary  solid  or  fluid  bodies 
which  by  some  circumstance  are  found  superabundantly 
combined  with  caloric,  in  such  a  manner  that  the  consti¬ 
tuent  particles  of  these  bodies  are  separated  the  one  from 
the  other,  by  a  quantity  of  ambient  caloric  much  more 
considerable  than  that  which  surrounds  the  same  particles 
in  the  natural  state  of  the  bodies.  The  extreme  elasticity 
of  the  caloric  the  effect  of  which  is  augmented  by  its  con¬ 
densation,  and  the  weakening  of  the  reciprocal  attraction 
or  of  the  cohesion  of  die  particles  of  the  bodies  (a  weaken¬ 
ing  or  diminution  produced  by  the  increased  distance^  Oi 
those  particles)  concur  to  diminish  the  density  of  the  bo¬ 
dies  in  such  a  manner  that  they  become  reduced  to  an  ae¬ 
riform  state. 

As  to  the  elasticity  of  gaseous  fluids  thus  formed,  it  ap¬ 
pears  in  great  rheasure  to  be  produced  by  the  elasticity  o* 
caloric  itself,  which,  when  bodies  are  reduced  to  the  gase¬ 
ous  state ;  occupy  a  verv  great  part  of  their  volume. 
Vol.  II.  ^  '  F 
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This  eminent  elasticity  of  caloric  tends  continually  to  pro¬ 
duce  expansion ;  on  the  other  liand,  this  fluid,  by  a'par- 
ticular  destination  of  nature,  is  more  or  less  disseminated 
between  the  moleculae  of  all  bodies,  in  such  sort  that  we 
may  say  with  M.  Lavoisier  that  even  in  tlie  solid  state 
these  moleculse  do  not  touch,  but,  as  it  were,  swim  in  the 
caloric  at  a  certain  distance  from  each  other.  There  must, 
therefore,  be  a  perpetual  contest  between  the  expansive 
force  of  caloric  which  tends  to  disseminate  the  moleculae, 
and  the  cohesive  attraction  of  the  moleculae  which 
tends  to  join  them  together.  From  the  reciprocal  in- 
intensity  of  these  two  powers  results  the  solid  and  liquid 
states  of  bodies :  thus,  water  only  differs  from  ice  by  the 
greater  or  less  condensation  of  caloric,  which  permits 
more  or  less  of  the  moleculae  of  the  liquid  to  yield  to  the 
effect  of  their  attraction  or  reciprocal  cohesion. 

When  substances  pass  from  the  liquid  to  the  aeriform 
state,  there  is  a  third  power  to  combine  with  the  expan¬ 
sive  effort  of  caloric,  and  the  aggregative  or  attractive  ef¬ 
fort  of  the  moleculae ;  namely,  the  pressure  of  the  atmos- 
pht  re,  or  of  any  elastic  fluid  whatever  which  compresses 
the  fluid,  and  opposes  itself  to  the  separation  of  its  parts. 
This  third  power  has  a  certain  influence  also  upon  the  pas¬ 
sage  from  the  solid  to  the  fluid  state,  but  it  is  most  fre¬ 
quently  (in  this  cast)  verj^  small,  and  even  evanescent  in 
comparison  of  the  resistance  arising  from  the  mutual  co¬ 
hesion  of  the  moleculae.  The  contrary  effect  has  place  in 
the  course  of  the  passage  from  the  liquid  to  the  gaseous 
or  aeriform  state  ;  the  cohesion  of  the  fluid  moleculae  be¬ 
ing  extremcl)^  small,  the  elasticity  of  the  caloric  has  scarce¬ 
ly  any  thing  to  surmount  to  produce  volatilisation  besides 
the  pressure  of  the  atmosphere,  or  gas  which  actually 
corhpressesit. 

.Hence  it  results  that  the  same  liquid  under  different  pres¬ 
sures  ought  to  volatilise  at  different  temperatures.  M. 
Lavoisier  proved  the  truth  of  this  result,  by  placing  ether 
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under  the  receiver  of  an  air-pump  and  producing  volatili¬ 
sation  solely  by  taking  off  a  part  of  the  pressure  of  the  at¬ 
mosphere.  See  Chymie^  tome  /.  pa.  9.  And  we  know 
by  many  expriincnts  of  M.  De  Luc  and  others,  that  water 
boils  the  more  speedily  as  it  is  less  pressed  by  the 
weight  of  the  atmosphere. 

Lavoisier  notices  a  curious  consequence  of  what  hiis 
been  here  said  ;  which  is,  that  if  our  planet  revolved  upon 
its  axis,  with  such  a  velocity  its  to  lessen  tlie  pressure  of 
the  atinospiiere,  or  if  the  temperature  of  the  air  were  rais¬ 
ed,  then  several  fluids  which  wc  now  see  under  a  liquid 
state  would  only  exist  in  the  aeriform  state  ;  for  example, 
if  under  the  te.njjerature  of  summer  the  pressure  of  the  at¬ 
mosphere  were  only  equivalent  to  20  or  24  inches  of  the 
barometrical  tube,  that  pressure  would  not  retain  Ether  in 
the  fluid  state,  it  would  be  changed  into  gas ;  and  the  like 
would  happen,  if  while  the  pressure  of  the  air  was  equiva¬ 
lent  to  28  or  30  inches  of  the  mcrcur}'’  the  habitual  tern- 
perature  were  105  or  110  degrees  on  Falirenheit’s  scale. 

The  principles  which  have  been  here  exhibited  are  suf¬ 
ficient  for  the  undestanding  of  all  which  relates  to  the  ac- 
tion  of  water  or  other  fluids  reduced  to  vapour.  Now,  it 
has  appeared  from  frequent  experiments  that  water  lieated 
in  common  air  volatilises  at  80®  of  Reaumur’s  thermome¬ 
ter,  or  212®  of  Fahrenheit’s,  tlie  height  of  the  biirometer 
being  28  French,  or  29*9  English  inches  :  and  spirits  of 
wine  under  a  like  pressure  volatilises  at  between  63®  and 
64®of  Reaumur,  or  nearly  1V5®  of  Fahrenheit.  The  ex. 
pansive  force  of .  he  vapour  must,  tlierefore,  in  both  these 
cases,  according  to  the  principles  just  explained,  be  mea¬ 
sured  by  a  column  of  mercury  of  28  French,  or  29*9  Eng¬ 
lish  inches,  in  like  manner  as  such  a  column  measures 
the  pressure  of  the  atmosphere,  or  the  ealasticity  of  com¬ 
mon  air.  And  at  any  more  elevated  temperatures  the 
elastic  force  of  the  vapour  will  suipass  the  pressure  of  the 
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atmosphere  by  a  quantity  which  has  a  certain  relation  witli 
the  excess  of  the  temperature  above  those  just  stated. 

Till  lately  there  was  w^anting  on  this  important  subject 

series  of  exact  and  direct  experiments  by  means  of 
which,  having  given  the  temperature  of  the  heated  fluid, 
the  expansive  force  of  the  steam  rising  from  it  might  he 
known,  and  vice  versa.  There  was  likewise  wanting  an 
analytical  theorem  expressing  the  relation  between  the 
temperature  of  the  heated  fluid  and  the  pressure  with 
which  the  force  of  the  steam  was  in  equilibrio.  These 
desiderata  have,  however,  been  lately  supplied  by  M.  Bct- 
tancourt,  an  ingenious  Spanish  philosopher,  after  a  method 
which  we  shall  now  concisely  explain.* 

M.  Bettancourt’s  apparatus  consists  of  a  copper  vessel 
or  boiler,  witli  its  cover  firmly  soldered  on  :  this  cover 
lias  three  orifices  which  close  up  with  screws :  at  tlie  first 
the  water  or  other  fluid  is  put  in  and  out ;  through  the 
second  passes  the  stem  of  a  thermometer  ivhich  has  the 
whole  of  its  scale  or  graduations  above  the  l  essel,  and  its 
ball  within,  where  it  is  immersed  either  in  the  fluid  or  in 
the  steam  according  to  the  differenit  circumstances ; 
through  tlie  third  liole  passes  a  tube,  making  a  commu¬ 
nication  betiveen  the  cavity  of  the  boiler  and  one  branch 
of  an  inverted  syphon,  which  contains  mercuiy’,  and  acts 
as  a  barometer  for  measuring  the  pressure  of  the  elastic 
vapour  w  ithin  die  boiler.  In  the  side  of  the  vessel  there 
is  a  fourth  hole  into  which  is  inserted  a  tube  with  a  turn¬ 
cock,  making  a  communication  with  the  receiver  of  an 
air-pump,  in  order  to  extract  the  air  from  the  boiler  and  to 
prevent  its  return. 

The  apparatus  being  prepared  in  good  order,  and  dis¬ 
tilled  water  introduced  into  the  boiler  at  the  first  hole,  and 
tlien  stopjied,  as  well  as  the  end  of  the  inverted  syphon  or 
barometer,  M.  Bettancourt  surrounded  the  boiler  wilhicc, 
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to  lower  the  temperature  of  the  water  to  the  freezing  point, 
and  then,  having  extracted  all  the  air  from  the  boiler  by 
mCi^ins  of  the  air-pump,  the  difference  between  the  columns 
of  mercury  in  the  two  branches  of  the  barometer  shewed 
the  measure  of  the  clastic  force  of  the  vapour  arising  from 
the  water  in  that  temiKrature.  Then  lighting  the  fire  be¬ 
low  the  boiler,  he  gradually  raised  the  temperature  of  the 
water  from  0  to  1 10^  of  Reaumur’s  thermometer,  that  is, 
from 32^  to279i®  of  Fahrenheit’s  thermometer;  and. for 
each  degree  of  elevation  in  the  temperature  he  observed 
the  height  of  the  mercurial  column  which  measured  the 
elasticity  or  pressure  of  the  vapour. 

These  experiments  were  repeated  various  times  and 
with  different  quantities  of  water  in  the  vessel ;  their  re¬ 
sults  were  arranged  in  different  columns  for  the  sake  of 
comparison,  and  it  appeared  that  the  pressures  for  different 
temperatures  agreed  very  nearly,  however  much  the  quan¬ 
tity  of  fluid  in  the  vessel  was  varied.  It  was  also  seen 
that  the  uicrcasc  in  the  expansive  force  of  the  va[X)iir  is  . 
at  first  very  slow  ;  but  increases  gi'adually  unto  the  high¬ 
er  temperatures,  where  the  increase  becomes  very  rapid, 
as  will  be  obvious  from  an  examination  of  die  tables  in 
some  of  the  following  pages. 

To  express  the  relation  between  the  degrees  of  tempe¬ 
rature  of  the  vapour  and  its  elastic  force,  diis  philosopher 
employs  a  method  suggested  by  M.  Prony,  which  con¬ 
sists  in  imagining  the  heights  of  the  columns  of  mercury 
measuring  the  expansi\'e  force  to  represent  the  ordinates 
of  a  curve,  and  the  degrees  of  heat  the  corresponding  ab¬ 
scissae  of  that  curve  ;  making  the  ordinates  ecjual  to  the 
sum  of  several  logarithmic  ones  which  contain  two  inde- 
terminates,  and  ascertaining  these  quantities  in  such  man¬ 
ner  that  the  curve  may  agree  with  a  tolerable  number  of 
observations  taken  throughout  the  whole  extent  of  the 
change  of  temperature,  from  the  lowest  to  the  highest  ex¬ 
treme  of  the  experiments.  Then  a  formula  or  equation 
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to  a  curve  is  investigated,  and  when  the  curve  correspond¬ 
ing  to  that  equation  is  constructed,  if  it  coincide  (with  the 
exception  of  a  few  trifling  anomalies)  with  the  curve  con¬ 
structed  by  the  results  of  the  experiments,  the  formula  may 
be  looked  upon  as  correct,  and  furnishing  a  tnie  analyti- 
cal  representation  of  the  phenomena.  This  was  done  by 
M.  Bettancourt,  and  the  curve  constructed  from  this  equa¬ 
tion  has  a  point  of  inflexion  at  about  the  102®  of  Reau¬ 
mur,*  as  it  ought  to  have,  because  the  second  differences 
of  the  barometr'cal  measures  of  the  elastic  force  became 
negative  at  that  temperature. 

In  a  similar  manner  M.  Bctt  ancourt  made  experi¬ 
ments  on  the  strength  of  the  vapour  from  alcohol  of  spirit 
of  wine ;  constructing  the  curve  and  deducing  the  requi¬ 
site  analytical  formula.  This  curve  had  likewise  a  point 
of  inflexion  at  about  88®  of  Reaumur,  the  second  differen¬ 
ces  in  the  table  of  barometrical  measures  becoming  then 
negative.  From  a  comparison  of  the  experiments  on  the 
vapour  of  water  with  those  on  the  vapour  of  alcohol,  a  re¬ 
markable  conclusion  was  derived  :  for  it  appeared  that,  af¬ 
ter  the  first  20®  of  Reaumur,  the  strength  of  the  vapour  of 
spirit  of  wine  was  to  that  of  the  vapour  of  water,  nearly  in 
the  same  constant  ratio  of  23  to  10,  or  7  to  3,  for  any  one 
and  the  same  degree  of  heat.  Thus,  at  the  temperature 
of  40*  of  Reaumur,  the  strength  of  the  steam  of  water  is 
measured  by  2*9711  Paris  inches  in  the  barometer,  and 
that  of  vapour  of  alcohol  by  6*9770,  the  latter  being  about 
2i  times  the  former. 

The  equations  to  the  curve  of  temperature  and 
pressure,  denoting  the  relation  between  the  abscissae  and 
ordinates,  or  between  the  temperature  and  the  elasticity  of 
the  vapour,  as  given  by  M.  Bettancourt,  were  of  the  fol¬ 
lowing  form. 

•  To  convert  Rean.  into  Fah.  multiply  Reau.  by  9,  divide  by  4 :  add- 

X  9 

fo  the  quotient  52  and  the  fcum  is  Fah.  Reaum.  --  -f  32=Fah’ 
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1.  For  water,  y  =  ^  -e  +e 

m+£r  m'4-£r  jor-r  ^x-r' 

2.  •—  alcohol,  y=*e  H-  e  -  e  +  e  -A. 
Where  y  represents  the  height  of  the  column  of  mercury 
which  measures  the  expansive  force,  x  the  corresponding 
degrees  of  Reaumur’s  thermometer,  and  the  other  letters 
certain  values  which  are  assigned  to  them  in  the  investi¬ 
gation. 

But  M.  Prony,  in  the  2d  volume  of  his  Architec* 
ture  HydrauliquCy  has  thrown  these  equations  into  a  rather 
more  convenient  form,  though  analogous  to  those  of  Bet- 
tancourt.  His  formula  for  the  vapour  of  water  is  this, 
y=m^  riv^. 

The  method  which  he  followed  consisted  in  satisfying  the 
results  between  0®  and  80^,  by  means  of  the  two  first 
terms,  and  to  interpolate  by  means  of  the  other  two,  the 
differences  between  the  observed  values,  and  those  com¬ 
puted  by  tlie  two  first  terms,  from  80®  up  to  110®.  In 
this  manner  he  succeeded  to  express  so  exactly  the  obser¬ 
vations  in  their  whole  extent,  that  the  curves  of  the  cal¬ 
culus  and  the  experiments  were  only  distinguishable  the 
one  from  the  other  by  such  little  anomalies,  as  wxre  mani¬ 
festly  the  effect  of  some  trifling  though  inevitable  errors 
in  the  observations,  and  in  the  graduations  of  the  scales  in 
the  apparatus.  He  afterwards  employed  an  equation  of 
three  terms,  giving  to  the  different  coefficients  the  follow¬ 
ing  values  : 

r,  =  M72805  lo".  =0-06922j^ 

r„  =  1-047773  log.  r,,  _0-0f026Gl 

r,,,  =  1-028189  log.  12073ft 

m,  =  — 000000072 460107  -  -  -  log.  =7-8601007 

m,,  =.-|-0-8648 188803  -  -  -  log.  m;,  =^9369271 

= — 0-8648181057  -  -  -  log.  =  ^9369248 

Substituting  these  several  values  in  the  equation 
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it  satisfies  not  only  the  numbers  employed  in  its  formation, 
but  all  the  intermediate  observations,  as  may  be  conclud¬ 
ed  from  the  following  table,  which,  exhibits  to  every  1() 
degrees  of  Reaumur’s  thermometer  the  barometrical  re¬ 
sults  both  of  observation  and  the  calculus.* 


Temj^e- 

Pressures  given  by 

Ano- 

rature. 

Experim. 

Calculus. 

malies. 

0 

O-OOin. 

0*00in. 

0*00  in. 

10 

0*15 

0*24 

+  0*09 

20 

0-65 

0.69 

+0-04 

30 

1-52 

1*51 

-0*01 

40 

2*92 

2*95 

+0*03 

50 

5*35 

5*42 

+0*07 

60 

9-95 

9*62 

-0-33 

70 

16*90 

16*57 

-0*33 

80 

28*00 

27*92 

-0*08 

90 

46-40 

45*87 

-0*53 

100 

71-80 

71*94 

+0*14 

110 

98-00 

98*36 

+0*36 

The  anomalies  are  generally  much  more  minute  than 
in  the  formulae  of  four  terms  :  we  may  therefore  regard 

*  Table  of  the  Force  of  Steam  at  dijferent  Temfieratures  of  Fuh- 
renheiCa  Scale  from  actual  Fxfxeriment,  2  Hen,  Ch.  518. 


(Bettancourt  in  Prony’s  Architecture  Hydraulique.) 


Tempera- 

tuie. 

52  .  . 

Force  in  Enj^lish 
Inches  ot  Mercury. 
0 

Tempera- 

tui-e. 

162  .  . 

Force  in  F.njjlisli 
Inches  of’  Merciir\’ 

.  .  9.07 

42  .  . 

.08 

172  .  , 

.  .  11.0 

52  .  . 

.21 

182  ,  . 

.  .  14.9 

62  .  . 

.38 

192  .  . 

.  .  18.7 

72  .  . 

.58 

202  .  . 

.  .  23.7 

82  .  . 

.87 

212  .  . 

.  .  29.8 

92  .  . 

1.26 

222  .  . 

,  .  37.4 

102  .  . 

1.74 

232  .  . 

.  .  46.5 

112  .  . 

2.37 

242  .  . 

.  .  57.3 

122  .  . 

3.16 

252  .  . 

.  .  69.7 

132  .  . 

4.16 

262  .  . 

.  .  83.6 

142  .  . 

5.43 

272  .  . 

.  .  97.1 

15*2  .  . 

7.00 

282  .  . 

.  .  108. 
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the  equation  just  preceding  the  table,  which  is  more  sim¬ 
ple  than  that  of  Bcttancourt,  as  representing  the  pheno¬ 
mena  and  measuring  the  effects  of  the  expansive  force  of 
tlie  steam  of  water  ith  all  desirable  accuracy.  M.  Pro- 
ny  remarks,  that  the  smallness  of  the  coefficient  m,  will 
allow  the  term  m^  r,^  to  be  neglected  in  reckoning  be¬ 
tween  0^  and  80° ;  and  thus  from  the  temjxratui  e  of  ice  up 
to  tliat  of  boiling  water,  the  equation  of  two  terms  alone 
will  suffice,  that  is  to  say  ....  y=m^, 

M.  Prony’s  eejuation  for  tlic  vapour  of  alcohol  compri¬ 
ses  5  terms  originally  :  but  in  most  cases  tliree  of  those 
terms  will  give  results  sufficiently  accurate.  The  nume¬ 
ral  values  of  the  coeflkients  are  as  below : 

=  1*11424  -  -  -  -  log.  =0*04697771 

r,,  =  1*05714  ....  log.  ;*,,=  0*02413079 

r,,  =  0*79943  ....  log.  r,,,  =  T9027776 

=-0*0021293  -  .  .  log.;w,  =  T3282330 

= -K)*911G18G  -  -  .  log.w^,  =  T9598132 

= -f 0*2097773  ...  log. T3217595 
1*1192671  - 

'Phese  numbers  cause  the  experiments  and  calculus  to 
coincide  very  nearly,  when  introduced  into  the  equation 

The  magnitude  of  the  anomalies  will  l^c  seen  ])y  in¬ 
specting  the  following  tabic. 

Vol.  II.  O 


i 


0 


M 

m 

T.1 

-  lA 

V-: 


,  .w'ft®-  ;■ 


U? 


*1 

/“f.; 
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m  1  Pressures  j^iven  by  * 
lenipe- _ 2 _ ^  Ano¬ 

malies. 


rature. 


Experim.  [Calculus. 


0*00in. 

0*4; 

1-52 

3-49 

6*^0 

13*05 

23*65 

3r*30 

63*80 

98*00 


0*00 

-0*02 

4-0*04 

4-0*05 

4-0*07 

-0*12 

-0*50 

4-0*01 

+0*55 

+0*28 


Thus  the  formula  for  the  vapour  of  spirit  of  wine  is 
found  as  simple  as  that  for  the  vapour  of  water,  without 
ceasing  to  represent  the  e*  pcrimcnts  with  all  desirable  ex¬ 
actness.  But  more  than  this,  we  may  retrench  one  of 
the  variable  terms  ;  for  in  the  first  degree  has  no 

greater  value  tlian  0*18,  and  when  a:  is  2,  3,  or  any  other 
positi\c  value,  this  third  term  may  be  sa.ely  neglected. 
The  equation  therefore  is  reduced  to 

y=m,  ;;,^4-wiv  ; 

a  form  much  more  simple  than  Bettancourt’s  original 
equation,  and  indeed  more  simple  than  Prony’s  improv¬ 
ed  equation  for  the  vapour  of  water. 

To  save  the  trouble  of  investigating  the  strength  of  the 
vapour  by  these  formula  for  every  separate  case  that  may 
occur,  we  add  a  table  (calculated  from  these  principles) 
in  which  the  strength  of  the  vapour  both  of  water  and  of 
spirit  of  wine  is  shewn  for  every  degree  of  Reaumur’s 
thermometer  up  to  110®,  or  for  every  2y  degrees  of  Fah¬ 
renheit,  from  32  to  280°  :  the  strengths  are  expressed, 
not  in  English  or  in  French  inches  upon  the  barometer, 
but  in  terms,  w^hose  unit  is  the  medium  pressure  of  the  at¬ 
mosphere,  supposing  that  medium  equivalent  to  29*9 
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l^nG;lish,  or  28  French  inches  of  mercury.  The  pressure 
upon  a  scjuare  inch  in  pounds  avoirdupois  corresponding 
to  any  temperature  may  be  found  by  multiplying  the  cor¬ 
responding  number  taken  from  the  table  by  4*'  5  :  and 
the  pressure  for  any  intermediate  degree  of  Fahrenheit 
may  Ixt  found  pretty  nearl}%  by  proportioning,  as  is  usual 
in  tables  of  Logarithms,  See. 


Presstire  in  terms  ot 
Dej^rees  jatmospheric  pressuu*. 
of 

I'fiermometer 


H)00 1 5 
•00074 
•00171 
•00299 
•00449 
•00641 
•00849 
•01080 
•01333 
•01608 
•01832 


1 

2 

3H 

361 

•00063 

•00124 

O 

38| 

•00192 

4 

41 

•00267 

5 

43‘ 

•00371 

6 

4H 

•00433 

7 

47^ 

•00539 

8 

50 

•00621 

9 

524 

•00740 

10 

544 

•00823 

1 1 

56| 

•00971 

12 

59 

•01085 

13 

61^ 

•01221 

14 

63^ 

•01384 

15 

653 

•01521 

r6 

68 

•01706 

17 

70i 

•01860 

18 

72} 

•02046 

19 

74| 

•02244 

20 

77^ 

•02454 

21 

79} 

•02677 

22 

81} 

•02914 

23 

833 

•03165 

24 

25 

86 

•03432 

;  88f 

•03715 

26 

1  90J 

•04014 

1  27 

=  923 

•04331 

:  28 

95 

•04667 

i  29 

.97} 

•05023 

j  30 

99} 

•05364 

=  31 

loii 

•05833 

1  32 

104 

•06219 

'6711 

'7319 

'7961 

08641 

•9358 

0116 

0917 

1763 

2657 

13603 


I  I’re.isnre  in  teniis  of  i 

Degrees 
of 

I  hermometer  Vapour  Vapour 

•  of  of 

I  Kutu'.  Water.  Alcohol. 


06668 

7136 

7634 

8159 

08714 


21898 


46193 


58571 


73673  I 


52 


P 


Steam  Kn^'me. 


/ 

Pressure  in  terms  of 

1 

I’ressurc  in  terms  of 

Degrees 

of 

ulmospheric  pressure. 

Degrees 

of 

Thermometer. 

atmospheric  pressure. 

Thermometer. 

Vapour 

of 

^  a|»our 
of 

Vapour 

of 

Va[)our 

of 

Reau. 

Falir. 

Water. 

Alcohol. 

lieati. 

Fa  I  n-. 

W'ater. 

Alcohol. 

65 

I78i 

•45245 

1-0795 

88 

230 

1-4872 

3-2548 

66 

180^ 

•47765 

1-1385 

89 

232* 

1-5618 

3-3806 

67 

182| 

•50414 

1-2004 

90 

234* 

1-6382 

3-5099 

68 

185 

•53199 

1-2652 

91 

236A 

1-7176 

69 

187i 

•56126 

1-3330 

92 

239* 

1-8003 

70 

189j 

•59203 

1-4038 

93 

24li 

1-8851 

71 

19lJ 

•62436 

1-4778 

94 

243  5 

1-9733 

72 

194 

•65832 

1  -5552 

95 

245^ 

2-0643 

73 

1961 

•69403 

1-6359 

96 

248 

2-1579 

74 

198J 

•74589 

1-7199 

97 

250i 

2-2539 

75 

200^ 

•77096 

1-8075 

9.8 

252* 

2-3527 

76 

203' 

•81236 

1-8985 

99 

254^ 

2-4533 

77 

205 -J 

•85588 

1-9932 

100 

257 

2-5554 

78 

207^ 

•90214 

2-0855 

101 

259' 

2-6587 

79 

209| 

•94957 

2-1895 

102 

26l‘ 

2-7628 

80 

212 

1-0000 

2-2983 

103 

263* 

2-8667 

81 

2141 

1-0519 

2-4074 

104 

266 

2-9735 

82 

216* 

2181 

1-1064 

2-5177 

105 

268] 

3-0711 

83 

1-1634 

2-6345 

106 

270* 

3-1691 

84 

221 

1-2232 

2-7527 

107 

272] 

3-2631 

85 

2231 

1-2851 

2-8739 

108 

275 

3-3505 

86 

225^ 

1-3500 

2-9977 

109 

277] 

3-4299 

87 

227| 

1-4177 

3-1236 

110 

279* 

^  3-5127 

Several  curious  and  in  some  respects  useful  conse¬ 
quences  might  be  deduced  from  tliese  experiments  and 
theorems.  M.  Bettancourt  shews  for  instance,  that  the 
effect  of  steam  engines  must,  in  genenil,  be  greater  in  win¬ 
ter  than  in  summer,  owing  to  the  different  degrees  of 
temperature  in  the  water  of  injection.  And  irom  the 
greatly  superior  strength  of  the  vapour  of  spirit  of  w  ine 
over  that  of  water,  he  argues  that,  by  try  ing  other  fluids, 
some  may  be  found,  not  very  expensive,  whose  vapour 
may  be  so  much  stronger  than  that  of  water,  w  ith  the 
same  degree  of  heat,  that  it  may  be  substituted  instead  of 
w  ater  in  the  boilers  of  steam  engines,  to  tlie  great  saving 
ill  the  expence  ,of  fuel :  nay,  he  <*ven  asserts,  tlint  spirit 
of  wine  itself  niight  thus  be  employ  ed  in  a  machine  of  a 
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particular  construction,  which,  w  ith  the  same  quantity  of 
fuel,  and  without  any  increase  of  expence  in  other  things, 
shall  produce  an  effect  far  superior  to  Avhat  is  obtained 
from  the  steam  of  water.  Another  use  of  these  research¬ 
es  su  "lasted  by  M.  Bettancourt  is,  to  measure  the  height 
of  mountains  by  means  of  a  thermometer  immersed  in 
boiling  water ;  which  he  thinks  may  be  done  with  a  preci¬ 
sion  equal,  if  not  superior,  to  that  of  the  barometer.  But 
this,  being  foreign  to  our  present  enquiries,  cannot  be  en¬ 
tered  upon  here  :  a  comparison  of  the  results  of  this  me¬ 
thod  w  ith  some  deduced  from  the  more  customary  process 
may  be  seen  in  Dr.  Hutton’s  Dictionary,  vol.  1 1,  pa.  756, 
to  which  such  as  arc  desirous  of  further  information  on 
this  point  are  referred. 

OuringeniouscountrynianMr.  Dalton,  of  Manchester, 
is  of  opinion  that  M.  Bettancourt’s  deductions  arc  not 
quite  accurate.  His  chief  error  consists  in  having  assum¬ 
ed  the  force  of  va]K)ur  from  neater  of  32°  (Fahrenheit)  to 
Ix^  nothing  ;  w  hich  makes  liis  numbers  essentially  wrong 
at  that  point  and  in  all  the  lower  parts  of  the  scale  :  and  in 
the  higher  part,  or  that  which  is  above  212°,  the  f^rce  is 
determined  too  much  ;  owing  as  Mr.  Dalton  apprehends, 
to  a  (juantity  of  air,  w  hicli  being  disengaged  from  the  wa¬ 
ter  by  heat  and  mixing  with  the  steam,  increases  the  elas¬ 
tic  it  v. 

Mr.  Dalton’s  first  experiments  with  spirit  of  wine  led 
him  to  adopt  the  same  coi'iclusion  as  M.  Bettancourt,  witli 
respect  to  the  constant  ratio  between  the  force  of  the  va¬ 
pour  from  this  spirit  and  that  from  water  ;  and  iiiferred 
the  same  w^ith  regard  to  the  vapour  from  other  fluids. 
But,  on  pursuing  the  subject,  he  concluded  that  this  prin¬ 
ciple  w’as  not  true,  either  with  respect  to  spirit  of  wine  or 
any  other  liquid.  His  experiments  upon  six  different  li¬ 
quids  agree  in  establishing  as  a  general  law,  “  T/iaf  the 
“  variation  of  the  force  of  vapour  from  all  liquids  is  the 
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‘‘  same  for  the  same  variation  of  temperature^  reckoning 
from  vapour  of  any  given  force:  thus,  assuming  a  force 
equal  to  thirty  inches  of  mercury  as  the  standard,  it  be- 
ing  the  force  of  vapour  from  any  liquid  boiling  in  the 
‘‘  open  air,  vve  find  aqeous  vapour  loses  half  its  force  by  a 
“  diminution  of  30  degrees  of  temperature :  so  does  the 
“  vapour  of  any  other  liquid  lose  half  its  force  by  dimi- 
“  nishing  its  temperature  30  degrees  below  that  in  which 
“  it  boils ;  and  the  like  for  any  other  increment  or  decre- 
“  mentof  heat.  This  being  the  case,  it  becomes  unneces- 
“  sary  to  give  distinct  tables  of  the  force  of  vajxiur  from 
“  different  liquids,  as  one  and  the  same  table  is  sufficient 
“  for  all.” 

The  experiments  on  which  this  conclusion  rests,  are  re¬ 
lated  in  the  fifth  volume  of  the  Manchester  Memoirs:  they 
may  also  be  seen  in  the  6th  volume  of  the  New  Series  of 
Mr,  Nicholson^ s  Journal.  Mr.  Dalton  has  calculated  a 
table  of  the  force  of  vapour  of  water  from  the  temperature 
of  40“  below  zero  of  Fahrenheit,  to  325“  above  it.  From 
this  table  we  have  extracted  the  following  ;  in  which  we 
have,  as  before,  reduced  the  force  to  the  medium  pressure 
of  the  atmosphere  for  the  measuring  unit,  that  the  small 
differences  in  the  results  of  the  English  and  the  Spanish 
philosopher  may  be  the  more  readily  traced. 
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Tempe¬ 
rature 
on  Fahr. 

Force  of  | 
aqueous  ; 
Vapour,  i 

Tempe¬ 
rature 
on  Fahr. 

Force  of 
aqueous 
Vapour 

•0333 

212“ 

1-000 

90 

•0453 

220 

j*  i66 

100 

•0620 

230 

1-391 

no 

•0843 

240 

1-655 

120 

•1110 

250 

l-:40 

130 

•1446 

260 

2-257 

140 

•1913 

270 

2-5'  5 

150 

•2473 

280 

2.958 

160 

•3153 

290 

3-337 

10 

•4043 

300 

3-727 

180 

•5050 

310 

4-117 

190 

•6333 

315 

4-30'.> 

2(X) 

•7880 

320 

4-500 

210 

•9613 

325 

4-690 

The  preceding  experiments  and  calculations  of  Bet- 
tancourt,  arc  certainly  valuable ;  but  they  require  to  be 
checked  by  the  very  important  paper  of  Mr.  Dalton,  of 
Manchester,  of  which  the  following  is  an  extract  so  far 
as  it  relates  immediately  to  llie  tlieory  of  tlie  Steam  En¬ 
gine. 

Extract  from  experimental  Essays  on  the  Constitution  of 
nilved  Gases  ;  on  the  force  of  steam  or  vapour  from  wa¬ 
ter  and  other  liquids  in  different  temperatures^  both  in 
a  Torricellian  F ucuum  and  in  air  ;  on  evaporatioji  ;  and 
on  the  expansion  of  gases  by  heat.  7/^  John  Dalton. 
5  Manch.  Trans.  241.  GNich.  Phil.  257. 

THE  progress  of  Philosophical  knowledge  is  advanced 
by  the  discovery  of  new  and  important  facts ;  but  much 
more  when  those  facts  lead  to  the  establishment  oi  general 
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^  laws.  It  Is  of  importance  to  understand  tliat  the  descent 
of  falling  bodies  is  the  same  every  where  on  tlie  surface  of 
the  earth ;  but  from  that  and  some  other  particular  facts 
to  infer  the  law  of  gravitation,  or  that  all,  matter  attracts 
with  a  force  decreasing  as  the  square  of  tlie  distiuice,  is  a 
much  higher  attainment  in  science.  In  tlie  train  of  ex¬ 
periments  lately  engaging  my  attention  some  new  facts 
have  been  ascertained,  which,  wkli  others,  seem  to  author¬ 
ise  the  deduction  of  general  laws,  and  such  as  will  have 
influence  in  various  departments  of  natural  philosophy  and 
chemistry. 

As  the  detail  of  experiments  will  be  best  understood 
and  their  application  s^n,  if  the  laws  of  principles  alluded 
to  be  kej^t  in  view,  it  may  be  proper  here  to  state  them  ; 
though  it  must  not  be  understood  that  they  were  proceed¬ 
ed  upon  hypothetically  in  the  direction  of  those  experi¬ 
ments.  On  the  contrary,  the  first  law,  which  is  as  a  mir¬ 
ror  in  which  all  the  exp)criments  are  best  viewed,  was  last 
detected,  and  after  all  the  particular  facts  had  bc^en  prc^’i- 
ously  ascertained. 

1.  When  two  elastic  fluids,  denoted  by  and  //,  arc- 
mixed  together,  there  is  no  mutual  repulsion  amongst 
their  particles ;  that  is,  the  particles  of  A  do  not  repel  those 
of  as  they  do  one  another.  Consequently,  the  pres¬ 
sure  or  whole  weight  upon  any  one  piirticle  arises  solelv 
from  those  of  hs  own  kind. 

2.  The  force  of  steam  from  all  licjuids  is  the  same,  at 
equal  distances  above  or  below  the  sevcTal  temperatures  at 
which  they  boil  in  the  open  air  :  and  that  force  is  the  same 
under  any  pressure  of  another  elastic  fluid  as  it  is  in  l  a- 
cuo.  Thus,  the  force  of  aqueous  vapour  of  212°  is  equal 
to  30  inches  of  mercury ;  at  30°  below,  or  182°,  it  is  of 
half  that  force ;  and  at  40°  above,  or  252°,  it  is  of  double 
the  force ;  so  likewise  the  vapour  from  sulphuric  ether 
which  boils  at  102°,  then  supporting  30  inches  of  mrreu- 
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ry,  at  30^  below  that  temperature  it  has  half  the  force, 
and  at  40^  above  it,  double  the  force :  and  so  in  other  li¬ 
quids.  Moreover,  the  force  of  aqueous  vapour  of  60^ 
is  nearly  equal  to  half  inch  of  mercury,  when  admitted 
into  a  torricellian  vacuum ;  and  water  of  tlie  same  tempe¬ 
rature,  confined  with  perfectly  dry  air,  increases  the  elas¬ 
ticity  to  just  the  same  amount. 

3.  The  quantity  of  any  liquid  evaporated  in  the  open 
air  is  directly  as  the  force  of  steam  from  such  liquid  at  its 
temjx^rature,  all  other  circumstances  being  tlie  same. 

4.  All  elastic  fluids  expand  the  same  quantity  by 
heat :  and  this  expansion  is  very  nearly  in  the  same  equa¬ 
ble  way  as  that  of  mercury  ;  at  least  from  32^  to  212°. — 
It  seems  probable  the  expansion  of  each  particle  of  the 
same  fluid,  or  its  sphere  of  influence,  is  directly  as  the 
quantity  of  heat  combined  with  it ;  and  consequently  the 
expansion  of  the  fluid  as  tlie  culie  of  the  temperature,  reck¬ 
oned  from  the  point  of  total  privation. 

Having  now  stated  the  chief  principles  which  seem  to 
be  established  from  the  following  series  of  facts  and  ob¬ 
servations,  I  shall  proceed  to  treat  of  them  under  the  se¬ 
veral  heads. 


On  the  force  of  steam  or  vapour  from  U'ater  and  vari- 
ous  other  liquids^  hath  in  a  vacuum  and  in  air. 

The  term  steam  or  vapour  is  equally  applied  to  those 
clastic  fluids  which,  by  cold  and  pressure  of  certain  kpown 
degrees,  arc  reduced  w  holly  or  in  part  into  a  liquid  state. 
Such  are  the  elastic  fluids  arising  from  water,  alcohol, 
etlier,  ammonia,  mercury,  Sec.  Other  elastic  fluids  that 
cannot  be  reduced,  or  rather  that  have  n§t  yet  been  redu¬ 
ced,  into  a  liquid  state  by  the  united  agency  of  those  two 
powers,  arc  coninionly  denominated  gases.  There  can 
scarcely  be  a  doubt  ('utertained  respecting  the  reducibility 
Vol.  11.  IT 
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of  all  elastic  fluids  of  whatever  kind  into  liquids ;  and  we 
ought  not  to  despair  of  effecting  it  in  low  temperatures 
and  by  strong  pressure  exerted  upon  the  unmixed  gases. 
However  unessential  the  distinction  between  the  gases 
and  vapours  may  be  in  a  cliemical  sense,  their  mechanical 
action  is  v^ry  different.  By  increasing  the  quantity  of 
any  gas  in  a  given  space  the  force  of  it  is  proportionally 
increased  ;  but  increasing  the  quantity  of  any  liquid  in  a 
given  space  does  not  at  all  affect  the  force  of  the  vapour 
ijising  from  it.  On  the  other  hand,  by  increasing  >thc 
temperature  of  any  gas  a  proportionate  increase  of  elasti¬ 
city  ensues ;  but  when  the  temperature  of  a  liquid  is  in- 
creased,  the  force  of  vapour  from  it  is  increased  with 
amazing  rapidity,  the  increments  of  elasticity  forming  a 
kind  of  geometrical  progression,  to  the  arithmetical  incrc- 
ments  of  heat. — Thus,  the  ratio  of  the  elastic  force  of  at¬ 
mospheric  air  of  32^^,  to  that  at  212^,  is  nearly  as  5  :  7 ; 
but  the  ratio  of  the  force  of  aqueous  vapour  proceeding 
from  water  of  52^  and  212* ,  is  as  1 :  150  nearly. 

The  object  of  the  present  essay  is  to  determine  the  ut¬ 
most  force  that  certain  vapours,  as  tliat  from  water,  can 
exert  at  different  temperatures.  Tl^  importance  hitlierto 
attached  to  this  enquiry  has  arisen  chiefly  from  the  consi¬ 
deration  of  steam  as  a  mechanical  agent ;  and  this  has 
directed  tlie  attention  more  esiK'cially  to  high  temperatures. 
But  it  will  appear  from  what  follow's  that  tlie  progress  of 
philosophy  is  more  immediately  interested  in  accurate  ob¬ 
servations  on  the  force  of  steam  in  low  temjx^ratures. 
Different  authors  have  published  accounts  of  their  expe¬ 
riments  on  the  Ibrce  of  steam  :  I  have  on  a  former  occa¬ 
sion  (Meteorological  Essiiys,  page  134)  given  a  table  of 
forces  for  every  #[)^  Irom  80^  to  212‘‘.  The  author  of 
the  article  “  Steam,”  in  the  Encyclopedia  liritannica,  has 
done  the  same  from  52'*  to  280®  :  and  M.^Bettancourt,  in 
the  “  Memoirs  des  scavans  etrangeres”'for  171^0,  (see  Hut- 
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ton’s  Math.  Diction,  page  755)  has  given  tables  on  the 
subject,  both  for  vapour  from  w  ater  and  spirit  of  wine, 
also  from  32®  to  280®.  But  these  two  authors,  having 
assumed  the  force  of  vapour  from  water  of  32°  to  be  no* 
thing,  are  essentially  wrong  at  that  point  and  in  all  the 
lotver  parts  of  the  scale ;  and  in  tlie  higher  part,  or  that 
above 212°,  they  determine  the  force  too  much:  owing 
as  I  apprehend  to  a  quantity  of  air,  which  being  disenga¬ 
ged  from  the  water  by  heat  and  mixing  with  tlie  steam, 
increases  the  elasticity. — In  a  question  of  such  moment 
it  seemed  therefore  desirable  to  obtain  greater  accuracy. 

My  method  is  this :  I  take  a  barometer  tube  perfectly 
dry,  and  fill  it  with  mercury  just  boiled,  marking  the  place 
where  it  is  stationarj’ ;  then  having  graduated  the  tube 
into  inches  and  tenths  by  means  of  a  file,  I  pour  a  little 
W'ater  (or  any  other  liquid  the  subject  of  experiment)  into 
it,  so  as  to  moisten  the  whole  inside ;  after  this  I  again 
pour  in  mercury,  and,  carefully  inverting  the  tube,  ex¬ 
clude  all  air :  the  barometer  bv  standing  some  time  exhi- 
bits  a  portion  of  water,  &c.  of  |  or  of  an  inch  upon  the 
top  of  the  mercurial  column ;  because  being  lighter  it  as¬ 
cends  by  the  side  of  the  tube  ;  which  may  no\v  be  inclined 
and  the  mercury  will  rise  to  the  top  manifesting  a  perfect 
vacuum  from  air.  I  next  take  a  cylindrical  glass  tube 
oj^en  at  both  ends,  of  2  inches  diameter  and  14  inches  in 
length ;  to  each  end  of  which  a  cork  is  adapted,  perfora¬ 
ted  in  the  middle  so  as  to  admit  the  barometer  tube  to  be 
pushed  through  and  to  be  held  fast  by  diem  ;  the  upper 
cork  is  fixed  two  or  three  inches  below  the  top  of  the  tube, 
and  is  half  cut  away  so  as  to  admit  water,  8icc.  to  pass 
by ;  its  ser\  ice  being  merely  to  keep  the  tube  steady. 
Things, being  thus  circumstanced,  water  of-  any  tempera¬ 
ture  may  l)e  poured  into  the  wide  tube,  and  thus  made 
to  surround  the  upper  part  or  vacuum  of  the  barometer, 
itnd  the  effect  of  temperature  in  die  production  of  vapour 
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within  can  be  observed  from  tlie  depression  of  the  mercu¬ 
rial  column.  In  this  way  I  have  had  water  as  high  as 
155®  surrounding  the  vacuum  :  but  as  the  higher  tempe¬ 
ratures  might  eiKlanger  a  glass  apparatus  ;  instead  of  it  I 
used  the  following : — 

Having  procured  a  tin  tulx^  of  four  inches  in  diameter 
and  two  feet  long,  with  a  circular  plate  of  the  same  sol¬ 
dered  to  one  end  having  a  round  tube  in  the  centre  like 
the  tube  of  a  reflecting  telescoj^e,  I  got  another  smaller 
lube  of  the  same  length  soldered  into  the  larger,  so 
as  to  be  in  the  axis  or  centre  of  it :  the  small  tube  was 
open  at  both  ends,  and  on  this  construction  water  could 
be  poured  into  die  large  vessel  to  fill  it,  whilst  the  central 
tube  was  exposed  to  its  tem|x^rature.  Into  this  central 
tube  I  could  insert  the  upper  half  of  a  syphon  barometer, 
and  fix  it  by  a  cork,  the  top  of  the  narrow  tube  also  being 
corked;  thus  the  effect  of  any  temperature  under  212® 
could  be  ascertained,  the  depression  of  the  mercurial  co¬ 
lumn  being  known  by  the  ascent  in  tlie  exterior  leg  of 
the  syphon. 

The  force  of  vapour  from  ^vater  between  80®  and  212® 
may  also  be  determined  by  means  of  an  air-pump ;  and 
the  results  exactly  agree  with  those  determined  as  above. 
Take  a  Florence  flask  half  filled  with  hot  water,  into 
which  insert  the  bulb  of  a  thermometer  ;  then  cover  the 
w  hole  with  a  receiver  on  one  of  the  pump-plates,  and 
place  a  barometer  gage  on  the  other :  the  air  being  slowly 
cxliausted,  mark  both  the  thermometer  and  barometer 
at  the  moment  ebullition  commences,  and  the  height  of 
the  barometer  gage  w  ill  denote  the  force  of  vapour  from 
water  of  the  observed  temperature.  This  method  may 
also  be  used  for  other  liquids.  It  may  be  proper  to  ob¬ 
serve,  the  various  thermometers  used  in  tliese  experiments 
w^ere  duly  adjusted  to  a  good  standard  one. 
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After  repeated  exi^eriments  by  all  these  methods,  and 
a  careful  comparison  of  the  results,  I  was  enabled  to  di¬ 
gest  the  following  table  of  the  fiarce  of  steam  from  water 
in  all  the  temperatures  from  32°  to  212°. 

Two  important  enquiries  still  remained,  the  first  to  de¬ 
termine  the  force  of  steam  from  water  above  212®  and  be^ 
low  32^ ;  the  second,  to  determine  the  comparative  forces 
of  vapour  from  odier  liquids.  These  enquiries  seemed  in¬ 
dependent  of  each  other  ;  notwithstanding  which  I  found 
them  in  realitv  connected. 

Upon  examination  of  the  nu miners  in  the  table,  within 
the  limits  just  mentioned,  there  appears  something  like  a 
geometrical  progression  in  the  forces  of  vapour ;  the  ratio, 
however,  instead  of  being  constant,  is  a  gradually  dimi¬ 
nishing  one :  thus  the 

Force  at  32°  =  ,200  inch. 

17.  50  ) 

122  =  3.  500  C  Ratios. 

8.  57) 

212  =  30.  000 

If  we  divide  these  ratios,  according  to  observation,  they 
will  stand  thus : 

Force  at  32°  =  ,200  inch. 

4.  550q 

77  =  ,910 

3.  846 

122  =  3.  500  ^Ratios, 

3.  214 

167  =11.250  I 

2.  666 j 

212  =30.000 

If  we  divide  these  again  they  become, 
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Force  at  32®  = 

,200  inch. 

2.  171 

II 

,435 

2.  Oi 

77  = 

910 

2.  00 

= 

1.  820 

1.  9^ 

122  =  3.500 
144i  =  6.  450 
167  =  11.250 
189i  =  18.  800 
212  =  30.  000 


Patios. 


1.  84 


1.  75 


1.  6' 


1.  59 


By  another  division  we  obtain  the  ratios  for 
Hi®  of  temperature  from  32®  to  212®,  as  under : 

Force  at  32®  =  ,200  inch 
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155i  ==  8.  550 


=  11.  250 


178J  =  14.  600 


139J 


=  18.  800 


200i  =  24.  000 


=  30.000 


1.  33 


1.  32 


1.  30 


1.  29 


1.  :? 


1.  25  J 


Thus  it  appears  that  a  ratio  having  a  uniform  decrease 
nearly  takes  place ;  and  we  may  therefore  extend  the  table 
of  forces  at  both  extremes,  without  the  aid  of  experi¬ 
ment,  to  a  considerable  distance.  Thus  assuming  the 
ratios  for  each  interval  of  a  Hi®  below  32®  to  be,  1.500, 
1.515,  1.530,  1.545,  &c.  and  for  each  interval  above 
212°  to  l3e  1.235,  1.220,  1.205,  1.190,  1.175,  1.160, 
1.145, 1.130,  &c.  we  can  extend  the  table  many  intervals 
of  temperature,  and  determine  all  the  intermediate  degr.  es 
by  interpolation.  This  method  may  be  relied  upon  as  a 
near  approximation  ;  however  it  does  not  supercede  the 
expediency  of  determination  by  experiment ;  though  that 
is  much  more  difficult  above  212®,  and  below  3ji®,  than 
in  the  intermediate  degrees ;  because  it  is  difficult  to  pro¬ 
cure  a  steady  heat  above  2H°  ;  and  below  32®  die  varia¬ 
tion  of  force  becomes  so  small  as  to  elude  minute  dis¬ 
crimination.  It  will  appear  from  what  follows  that  the 
extension  of  the  table  by  this  method  above  2 12®  is  in  all 
probability  accurate,  or  xtvy  nearly  so,  for  100®  or  more. 
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Table  of  the  force  of  vapour  from  water  in  every  tem¬ 
perature  from  that  of  the  congelation  of  mercury^  or 
40°  belenv  zero  of  Fahrenheit^  to  325°. 


Force  of  vaj) 
in  incljes  of 
mcrcttry. 


Force  of  vap. 
in  inches  of 
mercury. 


Force  of  vap, 
in  inches  of 
mercury. 


Tenipe 

rature. 


Tempc 

raturc. 


Tempo 

ruluic. 


65 


Tempe¬ 

rature. 


Force  of  vap 
in  inches  of 
mercury. 

- 3.  33 

3.  42 
3.  50 
3.  39 
3.  69 
3.  79 

3.  89 

4.  00 
4.  11 
4.  22 
4.  34 
4.  47 
4.  60 
4.  73 

4.  86 

5.  00 
5.  14 
5.  29 
5.  44 
5.  59 

»  ►r  a 


5.  90 

6.  05 
6.  21 
6.  37 
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Table  continued. 


Tempe¬ 

Force  of  vap. 

rature. 

in  inches  of 

, 

mercury. 

166®— 

- 10.  96 

167 

11.  25 

168 

11.  54 

12.  43 


13. 

02 

13. 

32 

13. 

62 

13. 

92 

14. 

22 

15.  86 

16.  23 


17. 

00 

17. 

40 

17. 

80 

18. 

20 

IS. 

60 

19. 

00 

19. 

86 

20. 

32 

20. 

77 

21. 

22 

21. 

68 

22. 

13 

22. 

69 

24.  12 


25.  10 


26. 

66 

27. 

20 

27. 

74 

28. 

29 

28. 

84 

29. 

41 

rat  lire. 


212*. 


Force  of  vap. 
in  inches  of 
mercury. 

- 30.  00 


30.  60 


31.  83 

32.  46 

33.  09 


34.  99 

35.  63 


36.  88 


38.  20 
38.  89 


40.  30 

41.  02 


44. 

00 

44. 

78 

45. 

58 

46. 

39 

47. 

20 

48. 

02 

48. 

84 

49. 

67 

50. 

50 

51/ 

34 

52. 

18 

53. 

03 

53. 

88 

54. 

68 

55. 

54 

56. 

42 

57. 

31 

58. 

21 

59. 

12 

60. 

05 

61. 

00 

61. 

92 

62.  85 

<»3. 

7t 

66 
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.  Table  continued. 


Tempe- 

! 

Force  of  vap.  i 

Tempfe- 

Force  of  vap. 

Tempe- 

Force  of  vap. 

ratuie. 

in  inches  of 

nature. 

in  inches  of 

nature. 

in  inches  of 

mercury. 

mercury. 

mercury. 

257®- 
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On  Vapour  from  Ether 


■  We  come  now  to  the  consideration  of  vapour  from  other 
licjuids.  Some  liquids  are  known  to  be  more  cvaporabic 
than  water ;  as  liquid  ammonia,  ether,  spirit  of  wine,  &:c. 
others  less;  as,  quicksilver,  sulphuric  acid,  liquid  muriate 
of  lime,  solution  of  potash,  &c.  and  it  appears  tliat  the 
force  of  vapour  from  each,  in  a  vacuum,  is  proportionate 
to  its  evaporability.  M.  Bettancourt  maintains  that  the 
force  of  vapour  from  spirit  of  wine  is  in  a  constant  ratio 
to  that  from  water  at  all  temperatures ;  namely,  as  7  to  3 
nearly.  My  first  experiments  with  spirits  of  wine  led  me 
to  adopt  this  conclusion,  and  naturally  suggested  that  the 
force  of  vapour  from  any  other  liquid  would  bear  a  con¬ 
stant  ratio  to  that  of  water.  The  principle,  however, 
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not  true,  either  with  regard  to  spirit  of  wine  or  any  other 
liquid.  Experiments  made  upon  six  different  liquids  a- 
gree  in  establishing  this  as  a  general  law  ;  namely,  t/ia$ 
the  variation  of  the  force  of  vapour  from  all  liquids  is  the : 
same  for  the  satne  variation  of  temperature^  reckoning 
from  vapour  of  any  given  force:  thus  assuming  a  force 
equal  to  thirty  inches  of  mercury  as  the  standard,  h  being 
the  force  of  vapour  from  any  liquid  boiling  in  the  open  air, 
we  find  aqueous  vapour  loses  half  its  force  by  a  diminution 
of  30°  of  temperature  ;  so  does  the  vapoiu*  of  any  other 
liquid  lose  half  its  force  by  diminishing  its  temperature  30® 
below  that  in  which  it  boils  ;  and  the  like  lor  anv  other 
increment  or  decrement  of  heat.  This  being  the  case,  it 
becorries  unnecessary  to  give  distinct  tables  of  the  force  of 
vapour  from  different  liquids,  as  one  and  the  same  table 
is  sufficient  for  all.  But  it  will  be  proj^er  to  relate  the  ex^ 
periinents  on  which  this  conclusion  rests. 

Experiment  on  Sulphuric  Ether. 

The  ether  I  used,  boiled  in  the  open  air  at  102  degrees. 

I  filled  a  barometer  tube  with  mercury,  moistened  by  agi¬ 
tation  in  ether.  After  a  few  minutes  a  portion  of  ether 
rose  to  the  top  of  the  mercurial  column,  and  the  height  of 
the  column  became  stationar)  .  When  the  whole  had  ac¬ 
quired  the  temperature  of  the  air  in  the  room,  62  ,  the 
mercury  stood  at  17.00  inches,  the  barometer  at  the  same 
time  being  29.75.  Hence  the  force  of  vapour  from  ether 
at  62®  is  equal  to  12.75  inches  of  mercur}',  \vhich  accords 
with  the  force  of  aqueous  vapour  at  172®,  temperatures 
which  are  40®  from  the  respective  boiling  points  of  the 
liquids.  By  subsequent  observations  I  found  the  forces 
of  the  vapour  from  ether  in  all  the  different  temperatures 
from  33®  to  102®  exactly  corresponded  with  the  forces  of 
aqueous  vapom*  of  the  like  range,  namely,  from  142®  to 
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212°  :  the  vapour  from  ether  depresses  the  mercury  about 
six  inches  in  the  temperature  of  32  degrees. 

Finding  that  ether  beloxv  the  point  of  ebullition  agreed 
with  water  below  the  said  point,  I  naturally  concluded 
that  ether  above  the  point  would  give  the  same  force  of 
vapour  as  water  alxjve  it ;  and  in  this  I  was  not  disap¬ 
pointed  ;  for,  upon  trial  it  ap}oeaR"d  that  what  I  had  infer¬ 
red  only  from  analogical  reasoning  respecting  the  force  of 
aqueous  vapour  above  the  boiling  point,  actually  happen¬ 
ed  with  that  from  ether  alx)ve  the  said  point.  And  ether 
is  a  much  better  subject  for  experiment  in  this  case  than 
water,  because  it  does  not  require  so  high  a  temperature. 

I  took  a  barometer  tube  of  45  inches  in  length,  and 
having  sealed  it  hermetically  at  one  end,  bent  it  into  a  sy¬ 
phon  shape,  making  the  legs  parallel,  the  one  that  was 
close  being  nine  inches  long,  and  the  other  thirty-six. 
Then  conveyed  two  or  three  drops  of  ether  to  the  end  of 
the  closed  leg,  and  filled  the  rest  of  the  tube  with  mercu¬ 
ry,  except  about  ten  inches  at  the  open  end.  This  done, 
I  immersed  die  whole  of  the  short  leg  containing  the  ether 
into  a  tall  glass  containing  hot  water;  the  ether  thus  ex¬ 
posed  to  a  heat  above  the  temperature  at  which  it  boils, 
produced  a  vapour  more  powerful  dian  the  atmosphere, 
so  as  to  overcome  its  pressure  and  raise  a  column  of  mer¬ 
cury  besides,  of  greater  or  less  length  according  to  the 
temperature  of  the  water.  When  the  water  was  at  147° 
the  vapour  raised  a  column  of  35  inches  of  mercury,  when 
the  atmospheric  pressure  was  29.75 :  so  that  vapour  from 
eUier  of  147  degrees  is  equivalent  to  a  pressure  of  64.75 
inches  of  mercury ;  agreeing  with  the  force  of  aqueous 
vapour  of  257  degrees,  according  to  the  preceding  estima¬ 
tion  :  in  both  cases  the  temperatures  are  45  degrees  above 
the  respective  points  of  ebullition.  In  all  the  temperatures 
betwixt  102  degrees  and  147  degrees;  the  forces  of  ethe- 
reiil  vajx)ur  corresponded  with  those  of  aqueous  vapour, 
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iis  per  table,  betwixt  212  degrees  and  257  degrees.  I 
could  not  reasonably  doubt  of  the  equality  continuing  in 
higher  temperatures ;  but  the  force  increases  so  fast  with 
the  increase  of  heat,  that  one  cminot  extend  the  experi¬ 
ments  much  farther  without  tubes  of  very  inconvenient 
lengths.  Being  desirous  however  to  determine  tlie  force 
of  the  etliereal  vapour  ex^x^ri  mentally  upas  high  as  212°, 

I  contrived  to  effect  it  as  follows: — Took  a  syphon  tube, 
such  as  described  above,  only  not  quite  so  long,  and  fill¬ 
ed  it  in  the  manner  above  mentioned,  ivith  ether  and  mer¬ 
cury,  leaving  about  ten  inches  at  the  top  of  the  tube  va¬ 
cant  ;  then  having  graduated  that  part  into  equal  portions 
of  capacity,  and  dried  it  from  ether,  I  drew  out  the  end  of 
the  tube  to  a  capillary  bore,  cooled  it  again  so  as  to  suffer 
the  internal  atmospheric  air  to  be  of  the  proper  densit}% 
and  suddenly  sealed  the  tube  hermetically,  thus  inclosing 
air  of  a  known  force  in  the  graduated  portion  of  the  tube. 
Then,  putting  that  part  of  the  tube  containing  ether  into 
boiling  water,  vapour  was  formed  which  forced  the  mer¬ 
curial  column  upwards  and  condensed  the  confined  air, 
till  at  length  an  equilibrium  took  place.  In  this  way  I 
found  8.25  parts  of  atmospheric  air  of  the  force  29.5  were 
condensed  into  2,00,  at  the  same  time  a  perpendicular 
colunrm  of  16  inches  of  mercury  in  addition  pressed  upon 
the  vapour.  Now  the  force  of  elastic  fluids  being  inverse¬ 
ly  as  the  space,  we  have  2.00:  29.5::  8.25:  121.67 
inches  =  the  force  of  the  air  within;  to  which  adding  16 
inches,  we  obtain  137.67  =  the  whole  force  sustained  by 
the  vapour,  measured  in  Inches  of  mercury.  The  force 
of  aqueous  vapour,  at  the  same  cfistancc  beyond  the  boil¬ 
ing  point,  or  322°,  is  equal  to  137.28,  per  table.  Thus 
it  appears  that  in  every  part  of  the  scale  on  which  experi¬ 
ments  have  been  made,  the  same  law  of  force  is  observa¬ 
ble  with  the  vapour  of  ether  as  of  tvater. 


70 


Steam  Engine, 

Experiments  on  Spirit  of  IF ine. 

By  boiling  a  small  portion  of  the  spirit  I  used  (about 
one  cubic  inch)  in  a  phial,  the  thermometer  stood  at  179 
degrees  at  the  commencement ;  but  by  continuing  the 
ebullition  it  acquired  a  greater  heat.  The  reason  ih,  the 
most  evaporable  part  of  the  spirit  flies  off  during  the  pro¬ 
cess  of  heating,  and  the  rest  being  a  w  eaker  compound, 
requires  a  stronger  heat.  The  true  point  of  ebullition,  I 
believe,  w  as  nearly  175  degrees.  The  force  of  the  vapour 
from  this  spirit  at  the  temperature  of  212  degrees,  I  found 
both  by  an  opem  syphon  tube  and  one  hermetically  se..kd 
with  atmospheric  air  upon  the  mercurial  column,  as  with 
ether,  to  be  equal  to  58  and  an  half  inches  oi  niercur}’. 
This  rather  exceeds  the  force  of  aqueous  vapour  at  an 
equal  distance  from  the  boiling  point ;  but  it  is  no  more 
than  mav  be  attributed  to  unavoidable  little  errors  in  such 
exjx:rimcnts.  In  a  barometer  tube  the  spirituous  vapour 
at  60  degrees,  over  the  mercur} ,  depresses  the  column 
about  1.4  or  1.5  inches ;  which  is  something  less  than 
the  due  proportion  ;  one  cause  of  this  may  be  the  evapo- 
rability  of  spirits,  which  in  operating  on  small  quantities, 
quickly  dissipates  pat.  of  their  strength.”  f  Dalton, J 

The  principles  and  manner  of  operation  of  tlie  stcarri- 
engines  of  Savery,  Newxomen  and  Cawley,  and  of  Watt, 
may  be  understood  from  the  following  brief  explanations 
and  remarks,  w  hich  I  extract  from  Ilornbiower’s  com¬ 
munication  to  Gregory.  2  Nich,  354. 

Savery’s  engine. — Let  there  be  a  sucking  pipe 
w'itli  a  valve  opening  upwards  at  the  top,  communicating 
w  ith  a  close  vessel  of  water,  not  more  than  thirty-three  feet 
above  the  level  of  the  reservoir,  and  the  steam  of  boiling 
water  be  thrown  on  the  surface  of  the  w^ater  in  the  vessel,  it 
Will  force  it  to  a  height  as  much  greater  than  33  feet  as 
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the  elastic  force  of  the  steam  is  greater  than  that  of  air  ^ 
and  if  tlic  steam  be  condensed  bj  the  injection  of  cold  wa¬ 
ter,  and  a  vacuum  thus  formed,  the  vessel  will  be  filled  from 
the  reservoir  by  the  pressure  of  the  atmosphere ;  and  the 
steam  being  admitted  as  belbre,  this  water  will  also  be 
forced  up  ;  and  so  on  successively. 

Such  is  the  principle  ol  the  first  steam-engine,  said  by 
die  English  to  be  invented  by  the  Marquis  of  Worcester  ; 
while  the  French  ascribe  it  to  Papin:  though  we  believe 
the  fact  is  that  Brancas^  an  Italian,  applied  the  force  of 
steam  ejected  from  a  large  eolopile  as  an  impelling  power 
for  a  stamping-engine  so  early  as  1629.  The*  hint  so  ob¬ 
scurely  exhibited  in  the  marquis  of  Worcester’s  Century 
of  Inventions,  was  curried  into  effect  by  captain  Saver)'. 

2.  Newcomen’s. — If  the  steam  be*  admitted  into  the 
bottom  of  a  hollow  cylinder,  to  which  a  solid  piston  is  a- 
dapted,  the*  piston  will  be  forced  upwards  by  the  dift'er- 
ence  between  the  elastic  forces  of  steam  and  common  air  ; 
and  the  steam  being  then  condensed,  the  piston  will  de¬ 
scend  by  the  pressure  of  the  atmosphere,  and  so  on  suc¬ 
cessively.  This  is  the*  principle  of  the  steam-engine  first 
contrived  by  Messieurs  jVewcomen  and  Cawley,  of  Dart- 
moiith.  Tnis  is  soinciiines  called  the  atmospherical  en¬ 
gine,  and  is  commonly  a  forcing-pump,  having  its  rod 
fixed  to  one  end  of  a  lever,  which  is  worked  by  the  weight 
of  the  atmosphere  iqx^n  a  piston  at  the  other  end,  a  tem¬ 
porary  vacuum  being  made  below  it  by  suddenly  condens¬ 
ing  the  steam,  that  had  been  admitted  into  the  cylinder  in 
which  this  piston  works,  by  a  jet  of  cold  water  thrown 
into  it.  A  partial  vacuum  being  thus  made,  the  weight 
of  the  atmosphere  presses  dow^i  the  piston,  and  raises  the 
other  end  of  the  straight  lever,  together  whth  the  w'ater, 
from  the  well.  Tlien  immediately  a  hole  is  uncovered  in 
the  bottom  of  the  cylinder,  by  w’liich  a  fresh  quantity  of 
hot  steam  rusht's  in  from  a  boiler  of  water  belotv  it,  which 


72 


Steam  Engine* 

proving  a  counterbalance  for  the  atmosphere  above  tlic 
piston,  the  weight  of  tlie  pump^rods,  at  the  other  end  of 
the  lev'er,  carries  that  end  down,  and  raises  the  piston  of 
die  steam-cylinder.  The  steam  hole  is  then  immediately 
shut,  and  a  cock  opened  for  injecting  the  cold  water  into 
the  cylinder  of  steam,  which  condenses  it  to  water  again, 
and  thus  making  a  vacuum  below  the  piston,  the  atmos¬ 
phere  again  presses  it  down  and  raises  the  pump-rods^  as 
before  ;  and  so  on  continually* 

3.  Watt’s. — The  great  features  of  improvement 
made  by  Mr.  TFatt  upon  the  engine  of  Newcomen  and 
Cawley  are,  as  Mr.  Nicholson  remarks,  first,  that  the  elas¬ 
ticity  of  the  steain  itself  is  used  as  the  active  power  in  this 
engine;”*  and  secondly,  that  besides  various  other  judicious 
arrangements  for  the  economy  of  heat,  he  condenses  the 
steam,  not  in  the  cylinder,  but  in  a  separate  vessel. 

In  the  cylinder  or  sjTingc,  concerning  which  we  have 
spoken,  in  mentioning  the  engine  of  New  comen,  let  us 
suppose  the  upper  part  to  be  closed,  and  the  piston-rod 
to  slide  air  tight  through  a  collar  of  leathers.  In  this  situ¬ 
ation,  it  is  evident  that  tlie  piston  might  be  dei>ressetl  by 
throwing  the  steam  upon  its  upper  furface,  through  an  a- 
perture  at  the  suj^erior  end  of  the  cylinder.  But  if  w'c 
suppose  the  external  air  to  have  access  to  the  lower  sur¬ 
face  of  the  piston,  w  e  shall  find  that  steam  no  stronger  in 
its  elasticity  than  to  equal  the  weight  of  the  atmosphere 
would  not  move  the  piston  at  all  ;  and  consequently  that 
this  new  engine  would  require  much  denser  steam,  and 
consume  much  more  fuel  than  the  old  engine.  The  re¬ 
medy  for  this  evil  is  to  maintain  a  constant  vacuum  l^e- 
neath  the  piston.  If  such  a  vacuum  were  originally  pro¬ 
duced  by  steam,  it  is  certain  that  its  permanency  could 

*  The  Piston  being  forced  downward,  not  by  the  pressure  of 
the  atmosphere,  as  in  Newcomen’s,  but  by  the  elastic  force  of 
Steam  thrown  on  the  top  of  the  piston. 
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i>ot  be  depended  on,  unless  the  engine  contain^  a  provi¬ 
sion  for  constantly .  keeping  it  tip.  Mr.  Watt’s  contri¬ 
vance  in  his  simplest  engine  is  as  follows  :  The  steam  is 
conveyed  from  the  boiler  to  the  upper  part  of  the  cylinder 
through  a  pipe,  which  also  communicates  occasionally 
with  the  lower  part,  and  beyond  that  space  with  a  vessel 
immersed  in  a  trough  of  water ;  in  w  hich  vessel  the  con¬ 
densation  is  performed  by  an  injected  stream  of  cold  w^a- 
ter.  This  water  is  drawn  off,  not  by  an  eduction-pipe 
but  by  a  pump,  of  which  the  stroke  is  sufficiently  capa¬ 
cious  to  leave  room  for  the  clastic  fluid,  separated  during 
the  injection,  to  follow  and  be  carried  out  with  the  injec¬ 
tion  water.  Suppose  now  tlie  piston  to  be  at  its  greatest 
elevation,  and  the  communication  from  the  boiler  to  the 
upix:r  as  well  as  to  the  lower  parts  of  the  cylinder  to  be 
opened.  The  steam  will  then  pass  into  the  whole  internal 
part  of  the  engine,  and  will  drive  the  air  downwards  into 
the  condenser,  and  tlience  through  the  valves  of  the  air- 
pump.  In  this  situation,  if  the  communication  from  the 
boiler  to  the  lower  part  of  the  cylinder  be  stopped,  and  an 
injection  be  made  into  the  condenser,  a  vacuum  will  be 
produced  in  that  vessel,  and  the  steam  contained  in  the 
lower  part  of  the  cylinder  and  communication  pipe  will 
expand  itself  w  ith  wonderful  rapidity  towards  the  con¬ 
denser,  so  that  in  a  period  of  time  too  minute  to  be  ap¬ 
preciated,  the  w  hole  of  the  steam  beneath  the  piston  w  ill 
be  practically  condensed.  The  steam  which  continues  to 
act  above  the  piston  will  immediately  depress  it  into  the 
vacuum  beneath  ;  at  the  same  time  that  by  connection 
with  the  external  apparatus  the  piston  of  the  air-pump  al¬ 
so  descends  in  its  barrel.  When  the  stroke  is  nearly 
completed  dou  nw^ards,  the  requisite  part  of  the  apparatus 
shuts  tlie  ’communication  with  the  boiler,  opens  that  be¬ 
tween  the  uppcT  and  lower  parts  of  the  cylinder  and  con¬ 
densing  vessel,  and  turns  the  injection-cock.  At  this  ve- 
Vol.  11.  K 
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IT  instant  the  piston  loses  its  tendency  to  descend,  because 
the  steam  presses  equally  on  both  surfaces,  and  continues 
its  equality  of  pressure  while  the  condensation  is  perform¬ 
ed.  It  therefore  rises  ;  the  injection  is  stopped ;  and  the 
mr-pump  making  its  stroke,  suffers  the  injection  water 
and  a  considerable  part  of  the  elastic  fluid  to  pass  through 
its  low  er  valve.  The  vacuum  is  thus  kept  up  through  the 
whole  internal  capacity  of  tlie  engine.  As  soon  as  the  pis¬ 
ton  has  reached  the  upper  part  of  the  cylinder,  the  com¬ 
munication  to  the  under  part  of  the  cylinder  is  stopped^ 
and  that  with  the  lK)iler  opened,  as  l)efore  ;  the  conse¬ 
quence  of  which  is,  that  the  piston  again  descends  ;  and 
in  this  manner  tlie  aUemations  repeatedly  take  place. 

Tlie  principal  augmentation  of  power  in  this  engine^ 
compared  with  that  of  Newcomen,  aristas  from  the  cylin¬ 
der  not  being  cooled  by  the^  injection  water,  from  its  being 
practicable  to  use  steam,  which  is  more  powerful  than  the 
pressure  of  tlie  atmosphere,  and  from  the  employing  of 
this  steam  both  to  elevate  and  to  depress  the  piston.  In 
general,  these  engines  are  worked  by  steam,  which  would 
support  a  column  of  four  or  five  inches  of  mercurj'  l^e- 
sides  the  pressure  of  the  atmosphere,  and  sometimes 
more ;  for  Mr.  Nicholson  says,  he  has  sometimes  seen  the 
gage  as  high  as  eight  inches.  Mr.  Watt  has  made  seve¬ 
ral  successive  mcdifications  and  additions  to  the  ensrint 
just  described,  some  of  which  w  ill  be  further  spoken  of  in 
the  course  of  this  article. 

4.  It  has  been  customary^  w'hen  treating  of  steam-en¬ 
gines,  to  present  several  theorems  for  the  computation  of 
their  power  and  effects.  But  as  all  which  has  hitherto 
been  advanced  on  these  points  seems  to  us  very*  vague 
and  unsatisfactorj^  we  shall  not  delude  the  student  w  ith 
an  apj^earance  of  mathematical  accuracy,  when  it  is  so  fur 
from  being  attained.'  It  is  obvious  enough  that  the  abso¬ 
lute  ix)w  er  of  a  steam-engine  is  in  the  compound  ratio  of 
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the  area  of  the  piston,  the  pressure  upon  each  inch  of  it, 
the  length  of  the  stroke,  and  the  number  of  strokes  in  any- 
assigned  time  :  but  the  pressure  upon  any  portion  of  the 
piston  can  only  l)e  ascertained  by  exj)eriment  and  obser¬ 
vation,  and  that  with  difficul  y,  because  of  our  uncertain 
jTiethods  of  estimating  friction  and  other  species  of  resist¬ 
ance  ;  while  judicious  observations  would  with  much 
less  labour  determine  the  work  actually  performed,  either 
^vhcn  the  steam-engine  works  pumps,  or  gives  motion  to 
any  kind  of  mills.  The  quantity  of  water  raised  by  pumps 
in  a  given  time  niay  soon  be  estimated  :  and  when  tlic 
:ilternating  motion  of  the  steam -piston  is  converted  into 
a  rotatory  one,  the  real  eft'cct  the  engine  is  capable  of  pro¬ 
ducing  may  be  ascertained  by  observing  the  velocity  w  ith 
which  a  given  weight  is  raised  when  suspended  from  the 
axle  to  w  hich  the  rotation  is  first  given. 

The  usual  method  of  estimating  the  effects  of  engines 
by  what  are  called  “  horse  powers”  must  inevitably  be 
very  fallacious,  unless  all  engineers  could  agree  as  to 
the  quantity  of  w  ork  which  tliey  would  arbitrarily  assign 
to  07ie  horse,  and  in  that  case  the  term  w-ould  manifetly 
be  nugatoiy\  It  may  also  be  observed,  that  in  determin¬ 
ing  the  comparative  value  of  different  steam-engines,  it  is 
not  sufficient  to  compare  the  quantities  of  w^ork  each  will 
perform  in  equal  times  ;  for  tlie  ex  pence  of  erection,  the 
probability  of  repairs  being  more  or  less  frequent  on  ac¬ 
count  of  the  complexness  or  simplicity  of  construction, 
and  the  quantities  of  fuel  consumed  by  each,  must  like¬ 
wise  be  taken  into  the  account.^ 

In  giving  a  clear  explanation  of  the  principle  of  this 
machine,  (Watt’s)  it  w  ill  be  necessary  to  deviate  from  the 

*  Boulton  and  Watt  have  fixed  and  determined  what  they  mean 
by  a  horse-power,  viz.  a  power  that  will  raise  SSOOOlbs.  one  foot 
hi^h  in  a  minute,  at  a  medium  rate  of  working  the  engine. 

T.  C. 
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*  I. 

precise  disposition  of  the  parts  as  they  are  usually  put  to^ 
gether :  but  in  fig.  1.  of  the  plate,  this  deviation  is  very 
little,  and  represents  a  single  engine.  A  the  cylinder  in 
which  the  piston  moves,  B  the  steam-pipe,  D  the  conden¬ 
ser,,  E  thedisch.  rging-pump,  F  a  bottom  common  to  the 
pump  and  condenser;  in  which  is  an  occasional  commu¬ 
nication  by  a  hanging  valve  at  F  :  g  isa  valve  to  be  lifted 
by  the  engine  at  everj’  stroke,  for  the  purpose  of  conden¬ 
sing  the  steam  ^/^  Is  a  valve  placed  outside  the  cistern  (of 
which  X  X  X  X  is  a  section  on  purpose  to  shew  the  con¬ 
tents),  butf  communicates  only  with  the  condenser  by  a 
pipe  passing  through  the  side  of  the  cistern,  and  is  insert¬ 
ed  at  .  the  side  of  the  condenser  ;  Hs  a  valve  to  be  lifted  by 
the  engine,  and  opens  a  commiinication  IxrtWeen  the  cy¬ 
linder,  and  the  condenser  ;  ^  is  a  valve  to  be  lifted  by  thq 
engine,  and  opens  a  communication  between  the  lower 
part^of  the  cylinder  and  the  steam-pipe  ;  and  /  is  also  a 
Yalve  of  tlie  same  kind,  0[)ening  a  passage  from  the  boiler 
to  all  parts  of  the  engine. 

fT;^Tlie  piston-rod,  which  is  here  broken  off  at  m,  is  con¬ 
nected  by  a  chain  to  the  lever  or  l:)eam,  which  is  supported 
oh  a  wall  of  good  masonry,  with  proper  pivot-blocks  for 
support  to  the  gudgeons ;  and  as  diis  kind  of  engine  is 
usually  employed  for  pumping  water,  another  set  of  chains 
at  the  other  end  of  the  beam  is  appropriated  to  connect 
to  the  pump-rods. 

Then  to  set  the  engine  to  work,  the  first  thing  is  to  lift 
the  tliree  valves  k’^  and  /  (for  which  there  are  apparatus 
too  minute  to  lay  down  on  this  scale) ;  these  being  open¬ 
ed,  the  steam  oceupies  every  cavity  and  crevice  of  the 
engine,  and  in  a  little  while  displaces  all  the  air  in  the  cy¬ 
linder,  condenser,  &c.  which  is  discharged  at  the  valve  h : 
this  valve  is  always  covered  with  water  in  a  small  cis¬ 
tern  attached  to  the  side  of  the  large  one ;  for  it  is  hardly 
in  the  power  of  art  to  fit  it  to  that  degree  of  accuracy  to 
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ensure  its  tightness :  but  here  the  air  is  discharged  at  first 
setting  the  engine  to  work  ;  and  this  valve  is  called  the 
bloxving  valve.  When  the  cylinder  and  other  vessels  are 
properly  heated  and  the  air  discharged,  which  is  well 
known  by  a  very  smart  crackling  noise  at  that  valve,  like 
a  violent  decrepitation  of  salt  in  a  fire  these  valves  k 
and  i  are  to  be  shut ;  and  after  waiting  a  few  seconds, 
gently  open  the  valve  i :  and  if  the  engine  does  not  move, 
the  injection  valve  must  be  opened  a  little  ;t  and  if  the 
engine  docs  not  move,  then  tlKJ  operation  of  blowing  must 
be  performed  again,  though  but  for  a  few  seconds,  and 
the  engine  in  general  will  go  off  smartly. 

In  all  engines  on  this  principle,  it  is  necessary  that  the 
parts  approj)riated  to  condensation  of  the  steam,  slK3ukl  l)e 
kept  as  cold  as  possible,  and  that  those  parts  intended  for 
the  ojx^ration  or  passage  of  the  steam  be  kept  as  hot  as 
possible  :  hence  the  discharging  pump  and  condenser  are 
placed  in  a  cistern  of  cold  water  kept  constantly  full,  and 
a  little  running  away ;  and  if  the  injection  -  valve  is  placed 
low  in  this  cistern,  it  will  take  the  water  in  the  coldest 
state. 

As  the  condenser  is  immersed  in  water  to  be  kept  cold, 
so  the  cylinder  should  if  possible  be  immersed  in  steam 
to  be  kept  hot :  for  which  purpose  Mr.  W att  formerly 
used  a  casing  round  the  cylinder,  and  at  the  top  and  bot¬ 
tom  ;  and  this  would  have  been  attended  with  very  iDene- 
ficial  effects  if  it  did  not  enlarge  the  steaiu  surface,  and 
expose  it  to  a  more  rapid  condensation  when  it  ought  to 

*  This  noise  is  occasioned  by  the  air  being  all  gone,  and  the 
water  producing  a  sudden  and  rapid  condensation  of  the  steam. 

t  The  valve  i  being  opened,  there  is- a  passage  made  from  the 
cylinder  to  tlft  condenser ;  but  on  account  of  long  blowing,  the 
bides  of  the  condenser  become  hot,  and  the  water  in  the  cistern 
hot  likewise  ;  so  that  the  condensation  must  needs  be  very  slow, 
even  at  the  first  injection  of  the  water  into  the  condenser. 
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be  preserved  ;  for  to  have  the  vacuum  as  perfect  as  pos¬ 
sible,  it  is  necessary  that  tlie  cylinder  be  kept  up  to  such 
a  temperature  as  to  prevent  the  least  condensation  on  the 
internal  surface  either  above  or  below  the  piston  because, 
if  the  sides  of  the  cylinder  were  to  be  wet,  as  in  the  com¬ 
mon  atmospherical  engine,  the  vacuum  would  be  vitiated, 
as  it  is  there  occasioned  by  this  wetness  or  moisture  gra¬ 
dually  forming  to  steam,  which  tlie  outside  casing  pre¬ 
vents,  being  filled  with  steam  from  the  boiler.  But  if  it 
were  possiblt'^to  cover  this  outward  case  with  any  sort  of 
substance  which  would  entirely  prevent  the  transmission 
of  heat  for  that  casings  ii  w  ould  supercede  the  use  of  the 
casing  altogether,  and  would  apply  with  more  advantage  to 
thf5  cylinder  itselh  But  w  e  do  not  know  of  any  substance 
w  hich  w  ill  not  admit  this  transmission  more  or  less.  I'hey 
who  wish  for  information  on  this  subject  may  find  it  in 
count  Rumford’s  lissays. 

The  first  circumstance  of  importance  to  the  pro¬ 
portion  and  disposition  of  the  several  parts,  is  the  soli-^ 
dity  of  the  vessels  and  the*  perfection  of  the  joints.  Cop¬ 
per  tubes  are  apt  to  be  unsound  at  the  seams,  and 
other  parts  w  hich  are  reejuired  to  be  bent  out  of  a  right 
line ;  and  iron  castings,  which reejuire  any  particular  sort  of 
stay  in  the  moulding  to  keep  the  core  Irom  the  outside,  as 
these  stays  are  made  mosth'  of  wrought  iron,  they  con¬ 
tract  more  in  cooling  than  the  cast-iron  does  about  them, 
even  so  as  to  become  loose  sometimes ;  in  such  cases,  it 
is  unutterably  perplexing  to  find  out  the  places  or  cause 
of  this  defection ;  the  joints  are  suspected  for  the  most 
part,  but  even  remaking  them  sometimes  proves  no 
amendment ;  and  this  must  lx.‘  the  cause  in  general  w  hy 
one  engine  from  the  same  patterns  is  better  or  worse  than 
others.  And  we  have  reason  to  fear  that  this  matter  of 
complaint  Is  on  the  increase  ;  for  self-interest  has  so  pow¬ 
erful  a  preponderanc}',  c'specially  in  the  metropolis,  that 
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we  shall  despair  of  having  these  objects  regarded  as  they 
were  formerly  ;  semblance  being  lor  the  greatest  part  the 
order  of  the  day, 

Mr.  Watt  has  adopted  a  gage  (very  improjx^rly^^  called 
a  barometer,)  to  indicate  the  degree  of  vacuum  in  his  en¬ 
gines  ;  and  \vc  deem  it  of  important  consequence  to  the 
w  ell- going  of  the  engine,  the  profit  of  the  proprietor,  and 
the  credit  of  the  engineer  ;  yet  in  many  engines  in  Lon¬ 
don  w  e  sec  this  important  instrument  eitlier  out  of  repair, 
or  wholly  laid  aside.  The  form  is  given  at  fig.  3.  They 
have  been  miKle  of  glass;  but  if  the  quicksilver  is  not 
very  pure,  the  alloy  with  which  the  venders  of  this  article 
adulterate  it  is  bv  constant  action  brought  to  the  surface, 
and  that  and  the  vapour  together  make  the  tube  so  foul 
that  no  precision  can  be  obtained.  Iron  therefore  is  the 
best  material  :  lx)t!i  jxirts  of  the  tube  should  be  correct¬ 
ly  of  one  diameter,  or  else  the  result  will  be  erroneous. 
This  tube  must  communicate  with  the  condenser  by  a 
small  copper  pipe,  and  a  stop-cock  be  placed  betwxvn 
the  gage  and  condenser.  The  index  in  this  instrument 
is  a  light  deal  rod,  w-hich  is  put  into  the  shorter  tube ; 
and  quicksilver  being  poiireil  into  it  within  three  inches 
of  the  end,  the  rod  is  put  into  the  tube,  and  it  floats  on 
the  quicksilver.  It  is  almost  needless  to  remark,  that  the 
graduations  on  this  instrument  must  be  inverted  with  re¬ 
gard  to  those  of  a  single  tulx*. 

Perhaps  it  should  have  been  noticed  before,  that  the 
rod  of  the  discharging  pump  is  connected  w  ith  the  lever 
at  some  point  determinable  by  the  length  of  the  stroke ; 
and  in  this  figure  it  rises  with  the  piston,  and  brings  up  the 
air  and  w  ater  w  ith  it,  both  of  which  are  discliarged  at  the 
branch/?,  ii;  which  is  a  hanging  valve  opening  outward. 

The  valve  /,  the  office  of  w^hich  is  to  open  or  shut  the 
communication  l^ctwcen  the  cylinder  and  the  boiler,  is  so 

'  I  UU  i'iOt^SCC  wliV.  T.  C. 
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particularly  Connected  witli  the  working  gear,  that  by  al¬ 
tering  the  place  of  a  pin  it  is  shut  sooner,  or  later,  as  occa¬ 
sion  requires ;  and  when  the  piston  has  proceeded  lialf 
way  down,  if  this  valve  is  shut  at  that  instant,  the  piston 
is  carried  through  the  remainder  of  the  stroke,  partly  by 
the  momentum  it  has  already  acquired,  and  partly  by  the 
remaining  expansion  of  the  steam,  which  notwithstanding 
its  growing  rarer  and  rarer,  is  sufficient  with  its  momen¬ 
tum  to  complete  the  stroke. 

We  have  observed,  that  in  order  to  give  action  to  the 
engine  at  its  first  onsets  and  indeed  at  every  succeeding 
stroke,  the  valve  i  is  to  be  lifted.  This  valve  is  kept  down 
by  a  weight  equal  to  the  pressure  of  the  atmosphere,  add-<^ 
ed  to  the  elasticity  of  the  steam  above  that  prt*ssure ;  there 
being  a  vacuum  beneath  it,  and  the  action  of  the  steam 
upon  it.  Hence,  in  large  engines  it  requires  a  great  force 
to  lift  it  up. 

Watt’s  double  Engine.^  We  have  represented  the 
mode  of  working  this  engine  at  fig.  2.  where  we  must 
deviate  largely  from  the  practical  application,  in  order  to 
give  a  comprehensive  explanation.  A  is  the  cylinder,  as  in 
the  single  engine  ;  B  is  a  pipe  appropriated  to  deliver  the 
steam  from  the  boiler  through  the  branch  L ;  from  thence 
it  enters  the  cylinder  alternately  by  the  valves  v,  w,  both 
opening  towiirds  the  steam  side.  The  pipe  C  kis  also 
two  valves,  one  at  the  upper  end  of  the  pipe  in  the  box  r, 
and  one  which  we  must  designate  at  the  joint  r,  both  open¬ 
ing  toward  the  cylinder.  The  condenser  D  has  a  blow¬ 
ing-valve,  like  the  former  figure  in  the  single  engine ; 
but  the  injection  is  made  by  a  cock  G,  which  has  a  pipe 
reaching  near  tlie  bottom  of  the  cistern ;  and  when  the  en¬ 
gine  is  at  work  this  cock  is  always  open,  and  the  injec-. 
tion  always  running  in,  because  the  steam  is  constantly 

*  Which  Honiblower  derides.  T.  C. 
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coming  from  the  cylinder  either  above  or  below  the  piston, 
and  its  operation  is  as  follows  : 

When  the  air  is  blo\vn  out  of  the  engine,  and  the  pis¬ 
ton  happens  to  be  in  its  upper  situation,  the  valve  v  on 
the  steam  side  is  lifted,  and  the  valve  r  on  the  exhausting 
side  is  opened :  the  exhausting- valve  r  takes  the  steam 
from  below  the  piston,  while  the  steam  by  the  valve  v  en¬ 
ters  on  die  upper  surface,  and  a  stroke  is  made ;  and  at  the 
instant  the  piston  comes  to  its  place  at  the  bottom  of  the 
cylinder,  these  valves  are  both  shut,  and  the  valves  xv  and 
t  are  opened,  and  the  upward  stroke  commences,  and  so 
on  alternately. 

It  must  be  observed  here  that,  whereas  the  piston  in  the 
single  engine  is  pendant  on  the  lever  by  the  chains  lying 
in  the  arch  of  the  inner  end,  this  must  be  connected  by 
a  mode  that  shall  render  the  rod  rigid  in  its  action  up¬ 
ward  ;  for  which  purpose  there  is  a  system  of  transverse 
joints  which  compel  the  rod  to  a  motion  parallel  to  itself. 
At  the  other  end  of  the  beam  or  lever  is  a  rod  which  con¬ 
nects  the  motion  of  the  engine  to  a  fly  ;  and  Mr.  Watt  has 
cliosen  to  do  this  by  a  very  ingenious  application  of  one 
wheel  fixed  on  the  axis  of  die  fly,  and  another  fixed  on 
the  rod  that  is  connected  to  the  lever,  by  which  means 
the  fly  makes  one  entire  revolution,  while  the  engine  makes 
but  one  stroke  ;  and  thus  the  fly  makes  as  many  revolu¬ 
tions  as  the  engine  docs  strokes ;  but  we  are  inclined  to 
give  die  preference  to  a  simple  crank  with  a  fly  of  such 
weight  as  shall  have  die  desired  momentum  with  less  ve¬ 
locity,  simplicity  being  ever  a  desideratum  in  the  construc¬ 
tion  of  machiiien\ 

Cartwright^ s  Engine.  A  steam  engine  has  been  in¬ 
vented  by  Mr.  Edmund  Cartwright,  which  has  as  much 
merit  as  can  possibly  be  attributed  to  a  gentleman  engaged 
in  the  pursuit  of  mechanical  studies  for  his  own  amuse¬ 
ment.  Mr.  Cartwright  has  tw  o  vert'  important  desiderata 
Vol.  II. .  L 
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in  view,  a  tight  piston  and  a  vacuous  condenser;  that  W 
to  say,  a  condenser  from  which  the  atmospheric  air  is  ex¬ 
cluded  :  to .  accomplish  which  it  is  made  of  as  thin  cop¬ 
per  as  it  will  admit,  exposing  a  large  surface  to  the  w^ater, 
then  the  steam  internally  comes  in  contact  with  the  me¬ 
tal  of  the  same  temperature,  and  hence  the  condensation: 
We  u  ish  it  were  possible  to  put  this  grand  design  into  a 
decided  effect :  but  irom  some  particulars  we  have  ob¬ 
served  in  the  doctrine  of  coi.densation,  nc  method  yet  ex¬ 
plored  will  obtain  so  rapid  a  condensation  as  actual  con¬ 
tact  witli  the  water :  wc  do  not  account  for  this  by  any 
chemical  affinity,  but  by  the  exposure  of  surface ;  for  the 
experiment  has  been  tried  to  our  satisfaction,  that  when 
the  jet  was  not  in  a  dispersive  state,  the  condensation 
wi\s  tardy  and  inactive ;  and  if  it  were  possible  to  dis¬ 
perse  the  jet  into  a  mist,  w  c  should  obtain  the  most  prompt 
condensation  possible. 

But  still  we  do  not  conceive  an  instantaneous  conden¬ 
sation  is  absolutely  necessary  ;  for  if  it  is  performed  du¬ 
ring  the  time  of  the  required  stroke,  that  is  all  which  is 
wanted.  We  cannot  siiy  whether  Mr.  Cartwright  has" 
succeeded  ultimately  to  this  point  or  not. 

Wc  remember  to  have  seen  preparations  for  an  appara¬ 
tus  for  this  mode  of  condensing  some  ycais  since,  by  an 
assemblage  of  taper  pij)es  of  about  a  quarter  of  an  inch 
diameter,  exposing  a  surface  of  between  90  and  100  feet 
to  a  20- inch  c) Under ;  but  an  accident  from  a  rude  hand 
prevented  its  application  for  that  time,  and  we  do  not 
tliink  it  was  ever  resumed. 

The  packing  of  Mr.  CtirtwTight’s  piston  is  composed 
of  a  strit  s  of  segments  of  brass,  the  arches  of  which  con- 
form  exactly  to  the  circumference  of  the  cylinder ;  these 
are  to  be  laid  on  tlie  verge  of  the  piston*  so  as  to' 
muke:  one  entire  disk,  then  another  and  another  stratum 
Wiper  stratum  until  the  designed  thickness  is  acquired  : 
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ihen  to  keep  these  segments  iii  constant  tendency  to  the 
place  of  action,  there  are  a  set  of  springs  very  nicelv  con^ 
Irived  to  act  on  the  concave  edge,  which,  no  doubt,  will 
keep  them  to  their  work  ;  but  the  difficulty  is  how  to  pre¬ 
serve  the  fit  at  the  junctures :  it  is  impossible  for  the  seg- 
ment  of  a  small  circle  to  become  the  segment  of  a  larger 
circle*.  But  we  do  not  supp<3se  Mr.  Cartwright  to  have 
intended  this  metallic  packing  to  compensate  the  irregu¬ 
lar  figure  of  the  steam- vessel,  fi)r  it  is  imjx)ssible ;  beside, 
iVIr.  Cartwright’s  notions  of  accuracy  would  never  suffer 
him  to  admit  a  steam-vessel  to  his  engine  which  was  not 
a  perfect  cylinder ;  in  which  case  tlicse  segments  may  have 
l)ut  little  wear,  though,  if  they  were  of  metal  in  any  degree 
softer  than  the  cylinder,  the  dust  which  will  find  its  way 
there,  would  wear  away  the  cylinder  so  as  to  be  sen¬ 
sibly  detrimental :  added,  that  this  packing  could  never 
apply  to  a  double  engine.  It,  however,  serves  as  a  very 
elegant  si>ecimen  of  the  inventor’s  inclination  to  accurate 
working. 

Since  the  above  was  written,  we  have  seen  an  engine  of 
jMr.  Cartwright’s  at  a  tan-yard  near  Horsley-Dotvn,t 
which  gives  great  satisfaction  to  the  proprietor.  The  piston, 
by  the  account  of  the  tender  of  die  engine,  has  not  even  been 
looked  at  for  many  months,  nor  has  he  any  indications 
that  it  will  be  necessary  for  many  more.  This  account 
receives  strong  confirmation  by  the  appearance  of  the 
xjuantity  of  condensed  steam  which  is  dis(‘harged  from  the 
engine  every  stroke,  which,  as  it  is  not  effected  in  the  com¬ 
mon  way  (by  injection),  can  be  verj’  exactly  est* mated; 

*  Admitting  that  these  segments  wear  away  on  the  outer  arch¬ 
il,  the  inner  arches  must  recede  from  the  centre,  and  therefore  wij] 
?>c  one  continued  deduction  from  the  entire  circlcr 

f.  Near  London., 


1 

I 


84 


Steam  Engine. 

Its  construction  is  very  simple,  and  it  iKribrms  its  opera¬ 
tions  very  smoothly  and  effectually.* 

The  preceding  is  a  tolerably  correct  though  brief  ac¬ 
count  of  Savary’s,  Newcomen’s,  Watt’s  and  Cartwright’s 
engines :  but  it  will  in  my  opinion  be  of  use  to  state  un¬ 
der  various  modes  of  expression  the  same  general  facts^ 
that  the  distinctive  characters,  and  the  successive  improve¬ 
ments  of  tlie  principal  steam  engines  may  become  fami¬ 
liar  to  the  rrader.  The  subject  is  new  in  this  countrj",  and 
is  extremely  impor^t.  I  have  already  given  all  the  pre¬ 
liminary  knowledge  relating  to  the  power  of  steam  that 
bears  upon  the  question  ;  and  I  mean  in  the  course  of  tliis 
and  the  next  number  to  give  all  the  knowledge  necessary 
to  a  full  understanding  of  the  theory  of  the  Steam  Engine. 
The  following  brief  history  I  extract  from  Professor  Play¬ 
fair’s  angry  review  of  Gregory  and  Homblower’s  account 
of  Steam  engines ;  but  as  I  have  nothing  to  do  with  the 
illiberal  remarks  of  the  latter,  or  the  tart  replies  of 
the  Professor,  I  insert  no  more  than  relates  to  the 
history  of  Mr.  Watt’s  discoveries  and  improvements. 
Edinb.  Rev.  for  Jan.  1809. 

The  first  idea  of  the  steam-engine  is  found  in  tlie  writ¬ 
ings  of  tliat  celebrated  projector,  the  Marquis  of  Wor¬ 
cester,  who,  in  the  year  1663,  published  a  small  tract, 
entitled,  A  Century  of  Inventions,”  consisting  of  short 

♦  Mr.  Cartwright’s  contrivance  for  preserving  the  parallel  mo¬ 
tion  of  the  piston-rod,  at  the  same  time  that  it  communicates  the 
rotatory  motion  to  the  fly,  is  very  ingenious,  and  is  therefore  shewn 
in  the  plate  fig.  3.  where  P  is  tlie  top  of  the  piston-rod,  upon  which 
is  screwed  a  transverse  bar  B ;  to  the  ends  of  this  bar,  at  equal 
distances  from  the  top  of  the  piston-rod,  are  attached  the  two 
equal  connecting  rods  H,  which  as  the  piston  rises  and  falls 
turn  the  cranks  and  the  two  equal  wheels  W,  W  ;  these  two  equal 
wheels  work  into  each  other,  and  one  of  them  drives  the  pinion  C 
upon  the  same  axis  as  the  fly-wheel  O  ;  thus  communicating  the 
rotatory  motion  to  the  other  parts  of  tlie  machinery.  (Hitherto 
from  Homblqwer’s  account.  T.C, 
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heads  or  notices  of  schemes,  many  of  them  obviously  im¬ 
practicable,  which  at  various  times  had  suggested  them- 
selves  tOy  his  very  fertile  and  warm  imagination.  No 
contemporary  record  exists  to  illustrate  or  verify  his  de- 
scription  of  tlie  contrivance  which  we  presume  to  call  a 
steam-engine,  or  to  inform  us  where,  and  in  what  man¬ 
ner,  it  was  carried  into  effect ;  though  it  is  evident,  from 
his  account,  that  he  had  actually  constructed  and  worked 
a  machine  that  raised  water  by  steam.  His  description 
of  the  method  is  short  and  obscure ;  but  inclines  us  to 
think,  contrary  to  what  many  have  supposed,  tliat  the 
force  of  his  engine  was  derived  solely  from  the  elasticity 
of  steam ;  and  that  Hvt  condensation  of  steam  by  cold,  was 
no  part  of  his  contrivance.  This  last,  we  believe,  was  the 
invention  of  Captain  Savary,  who,  in  1696,  published  an 
account  of  his  machine,  in  a  small  tract  entitled  the  Mi- 
ner*s  Friendy  having  erected  several  engines  previous  to 
tliat  period.  In  tliese  engines  the  alternate  condensation 
and  pressure  of  the  steam  took  place  in  the  same  vessel  in¬ 
to  which  the  water  was  first  raised,  from  a  lower  reser\  oir, 
by  the  pressure  of  the  atmosphere,  and  then  expelled  into 
a  higher  one,  by  the  elastic  force  of  strong  steam. 

Steam,  it  must  be  observed,  was  thus  employed  merely 
to  produce  a  vacuum,  and  to  supply  the  strength  that  was 
applied,  for  a  like  effect,  to  the  sucker  or  piston  of  an  or¬ 
dinary  pump ;  and  it  was  a  great  step  to  have  discovered 
a  method  of  bringing  the  air  to  act  in  this  manner  by  the 
application  of  heat  to  water,  without  the  assistance  of  me¬ 
chanical  force^ 

The  next  essential  improvement  was  made  by  New¬ 
comen,  for  which  he  obtained  a  patent  in  1705.  It  con¬ 
sisted  in  separating  the  parts  of  the  engine  in  which  the 
steam  was  to  act,  from  those  in  which  the  water  was  to  be 
raised;  the  weight  of  the  atmosphere  being  employed 
only  for  the  pur[Josc  of  pressure,  and  tlic  steam  for  that 
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of  first  displacing  the  air,  and  then  forming  a  vacuum 
condensation.  Newcomen  was  thus  enabled  to  dispense 
with  the  use  of  steam  of  great  and  dangerous  elasticity,  to 
work  with  moderate  heats,  and  to  remove  at  least  some 
part  of  the  causes  of  wasteful  and  ineffectual  condensa¬ 
tion.  To  him  we  are  indebted  for  the  introduction  of 
the  steam  cylinder  and  piston,  and  for  their  connection 
with  the  pump  by  means  of  the  main  lever  with  its  rods 
and  chains,  to  which  we  might  add  several  other  subori. 
dinate  contrivances,  which  do  great  credit  to  his  ingenu^^ 
ity. 

Still,  however,  the  machine  required  the  constant  at¬ 
tendance  of  a  man  to  open  and  shut  the  cocks  at  the  pro¬ 
per  inter\^als,  for  the  alternate  admission  of  steam  and 
cold  water :  and  although  traditional  report  attributes  the 
invention  of  the  mechanism  by  which  the  engine  was 
made  to  perform  this  work  itself,  to  the  ingenuity  of  an 
idle  boy,  we  know  that  the  contrivance  w^as  first  perfected 
by  Mr.  Henry  Beighton,  in  1717,  who  also  improved  the 
construction  of  several  other  parts  of  the  engine.  From 
this  time  to  the  vear  1764,  there  seems  to  have  been  no 
material  improvement  in  the  structure  of  the  engine, 
which  still  continued  to  be  known  by  the  appellation  of 
Newcomen’s,  or  the  atmospheric  engine.  The  boilers, 
however,  had  been  removed  from  under  the  cylinder  in 
some  of  the  larger  engines,  and  tlie  cylinder  had  been 
fixed  down  to  a  solid  basis.  Still  the  steam  was  conden- 
»ed  in  the  cylinder ;  the  hot  w^ater  w^as  exp^led  by  the 
steam  ;  the  piston  was  pressed  down  by^he  weight  of 
the  atmosphere,  and  kept  tight  by  being  covered  with 
water.  It  was  moreover  considered  as  necessary  that  the 
injection  cistern  should  be  placed  on  high,  in  order  that 
the  water  might  enter  with  great  force.  It  had  been 
found  by  experience,  that  the  engine  could  not  be  loaded 
tvith  advantage,  with  more  than  seven  pounds  on  each 
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i^uare  inch  of  the  piston ;  and  the  inferiority  of  that  power 
to  the  known  pressure  of  the  atmosphere,  was,  witliout 
due  consideration,  imputed  wholly  to  friction.  The  bulk 
of  water  w  hen  converted  into  steam  was  very  erroneously 
computed  ;  the  quantity  of  fuel  necessary  to  evaporate 
a  given  quantity  of  w  ater  was  not  even  guessed  at ;  whe* 
dier  the  heat  of  steam  is  accurately  measured  by  its  tem¬ 
perature  was  unknown ;  and  no  good  experiment  had 
been  made  to  determine  the  quantity  of  injection  water 
necessary  for  a  cylinder  of  given  dimensions.  In  a  word, 
no  man  of  science  in  this  country  had  considered  the  sub¬ 
ject  since  Desaguliers ;  and  his  writings,  in  many  re¬ 
spects,  tended  more  to  mislead  than  instruct. 

Such  was  the  state  of  matters,  when,  fortunately  for 
science  and  for  the  arts,  Mr.  Watt,  then  a  mathematical 
instrument- maker  at  Glasgow,  undertook  the  repair  of 
the  model  of  a  steam  engine  belonging  to  the  univci*sity. 
In  the  course  of  his  trials  w  itli  it,  he  found  the  quantity  of 
fuel  and  injection  water  it  required  much  greater  in  pro¬ 
portion  than  they  were  said  to  be  in  large  engines  ;  and  it 
soon  occurred  to  him,  that  this  must  be  owing  to  the  cy¬ 
linder  of  this  small  model  exposing  a  greater  surface,  in 
proportion  to  its  contents,  than  larger  cylinders  did.  This 
he  endeavoured  to  remedy,  by  making  his  cyliitders  and 
pistons  of  substances  w  hich  conducted  heat  slowly.  He 
employed  wood,  prepared  on  purpose,  and  resorted  to 
other  expedients,  without  producing  the  desired  effect  in 
any  remarkable  degree.  He  found,  also,  that  all  attempts 
to  produce  a  greater  degree  of  exhaustion,  or  a  more  per¬ 
fect  vacuum,  occasioned  a  disproporlionate  exix^nditurc 
of  steam.  In  reflecting  ujx)n  the  causes  of  these  pheno¬ 
mena,  the  recent  discovery,  that  water  boiled  in  an  ex¬ 
hausted  receiver  at  low  degrees  of  heat,  (certainly  not  ex¬ 
ceeding  100  degives  of  Fahrenheit,  but  probably,  wlien 
the  vacuum  was  perfee^,  much  lower)  occurred  to  him ; 
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and  he  immediately  concluded,  that,  to  obtain  any  consi¬ 
derable  degree  of  exhaustion,  the  cylinder  and  its  con¬ 
tents  must  be  cooled  down  to  100  degrees  at  least ;  in 
which  case,  the  reproduction  of  steam  in  the  same  cylin¬ 
der  must  be  accompanied  with  a  great  expense  of  heat, 
and  consequently  of  fuel.  He  next  endeavoured  to  as¬ 
certain  the  temperature  at  which  water  boils  when  placed 
under  various  pressures  ;  and,  not  having  any  apparatus 
at  hand  by  which  he  could  make  his  experiments  under 
pressures  less  than  that  of  the  atmosphere,  he  began  with 
try  ing  the  temperature  of  water  boiling  under  greater  pres¬ 
sures  ;  and  by  laying  down  a  curve,  of  which  the  abscissa 
represented  the  temperatures,  and  the  ordinates  the  pres¬ 
sures,  he  found  the  law  by  which  the  two  are  connected^ 
whether  the  pressure  be  increased  or  diminished. 

Observing,  also,  that  tliere  was  a  great  error  in  Desa- 
guliers’  calculation  of  the  bulk  of  water  w  hen  converted 
into  steam,  and  that  the  experiment  on  which  he  founded 
his  conclusion  was  in  itself  fallacious,  he  thought  it  es¬ 
sential  to  determine  this  point  with  more  accuracy.  By 
a  very  simple  experiment  with  a  Florence  flask,  which 
our  limits  will  not  allow  us  to  detail,  he  ascertained,  that 
water,  when  converted  into  steam  under  the  ordinary’  pres¬ 
sure  of  the  atmosphere,  occupies  about  eighteen  hundred 
times  its  original  space. 

These  points  being  determined,  he  constructed  a  boiler 
in  such  a  manner,  as  to  show  by  inspection,  w  ith  tolera¬ 
ble  accuracy,  the  quantity  of  water  evaporated  in  any 
given  time  ;  and  he  also  ascertained  by  experiment  the 
quantity  of  coiils  necessarj^  to  evaporate  a  given  quantity 
of  water. 

He  now  applied  his  boiler  to  the  working  model  above 
mentioned  ;  when  it  appeared  that  the  quantity  of  steam 
expended  at  every  stroke,  exceeded  many  times  what 
wras  sufficient  to  fill  the  cylinder ;  and  deducing  from 
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thence  the  quantity  of  water  required  to  form  as  much 
steam  as  would  supply  each  stroke  of  the  engine,  he  pro¬ 
ceeded  to  examine  how  much  cold  water  was  used  for 
injection,  and  what  heat  it  gained ;  which,  to  his  very 
great  surprise,  he  found  to  be  many  times  the  number  of 
degrees  which  could  have  been  communicated  to  it  by  a 
quantity  of  boiling  water  equal  to  that  of  which  the  steam 
was  composed.  Suspecting,  however,  that  there  might 
be  some  fallacv  in  these  deductions^  he  made  a  direct  ex- 
periment  to  ascertain  the  degree  of  heiit  communicated  by 
steam  to  water ;  when  it  clearly  apjx^ared,  that  one  part 
of  water,  in  the  form  of  steam,  at  212  degrees,  had  com¬ 
municated  about  140  degrees  of  heat  to  six  parts  of  water* 
The  fact,  thus  confirmed,  was  so  contrary  to  all  his  pre¬ 
vious  conceptions,  that  he  at  first  saw  no  means  of  ex¬ 
plaining  it.  Dr.  Black  indeed  had,  some  time  before, 
made  his  discovery  of  latent  heat;  but  Mr.  Watt’s  mind 
being  otherwise  engaged,  he  had  not  attended  sufficiently 
to  it,  to  make  himself  much  acquainted  with  the  doctrine : 
but  upon  communicating  his  observations  to  the  doctor, 
he  received  from  him  a  full  explanation  of  his  theory  \ 
and  this  iiiduced  him  to  make  further  experiments,  by 
which  he  ascertained  the  latent  heat  of  steam  to  be  above 
900  degrees. 

The  causes  of  the  defects  of  Newcomen’s  engines  were 
now  evident.  It  aj^peared  that  the  steam  could  not  be 
condensed  so  as  to  form  an  approximation  to  a  vacuum, 
unless  the  cylinder,  and  the  water  it  contained,  were  cool¬ 
ed  down  to  less  than  100  degrees  ;  and  that,  at  greater  de¬ 
grees  of  heat,  the  water  in  the  cylinder  must  produce 
steam,  wliich  wouKl  in  part  resist  the  pressure  of  the  at¬ 
mosphere.  On  the  other  hand,  when  greater  degrees  of 
exhaustion  were  attempted,  the  quantities  of  injection 
water  required  to  be  increased  iii  a  ^’ery  great  ratio ;  atid 
Vol.  11.  iM 
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this  was  ibllowed  by  a  proportionate  destruction  of  steam 
on  refilling  the  cylinder. 

Mr.  Watt  now  perceived,  that  to  make  an  engine  in 
which  the  destruction  of  steam  should  be  tlie  least  possi¬ 
ble,  and  the  vacuum  the  most  perfect,  it  was  necessary 
that  the  cylinder  should  condense  no  steana  on  filling  it, 
and  that,  when  condensed,  the  water,  forming  the  steam, 
should  be  cooled  down  to  100  degrees,  or  lower.  In  re¬ 
flecting  on  this  desideratum,  he  was  not  long  in  finding 
tliat  the  cylinder  must  l:)e  preserved  always  as  hot  as  the 
steam  that  enters  it ;  and  that,  by  oj^ening  a  communica¬ 
tion  between  this  hot  cylinder  when  filled  with  steam,  and 
anotlier  vessel  exhausted  of  air,  the  steam,  being  an  elas¬ 
tic  fluid,  would  rush  into  it,  until  an  equilibrium  was  es¬ 
tablished  between  the  two  vessels ;  and  that  if  cold  water, 
in  sufficient  quantity,  were  injected  into  the  second  ves¬ 
sel,  the  steam  it  contained  would  be  reduced  to  w^ater, 
and  no  more  steam  would  enter  until  the  whole  was  con¬ 
densed. 

But  a  difficulty  arose — How  was  this  condensed  steam 
and  water  to  b^  got  out  of  the  second  vessel  without  let- 
thig  in  air?  Two  methods  presented  themselves.  One 
was,  to  join  to  this  second  vessel  (which,  after  him,  we 
sh  ill  call  the  condenser J  a  pipe,  which  should  extend 
downwards  more  than  34  feet  perpendicular,  so  that  the 
column  of  water  contained  in  it,  exceeding  the  weight  of 
the  atmosphere,  would  run  out  by  its  own  gravity,  and 
leave  tlie  condenser  in  a  state  of  exhaustion,  except  in  so 
far  as  the  air,  which  might  enter  with  the  steam  and  injec¬ 
tion  water,  should  tend  to  render  the  exhaustion  less  per¬ 
fect  :  this  air  he  proposed  to  extract  by  means  of  a  pump. 
The  second  mctliod  which  occurred,  was  to  extract  both 
air  and  water  by  means  of  a  pump,  or  pumps ;  which 
woul4  possess  the  advantage  over  the  other,  of  being  ap¬ 
plicable  in  all  situations.  This  latter  contrivance  was 
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tlierefore  preferred ;  and  is  known  by  the  common  name 
of  the  Air-pump.  There  still  remained  some  defects  un¬ 
remedied  in  Newcomen’s  cylinder.  The  piston  in  that 
engine  was  kept  tight  by  water ;  much  of  which  passing 
by  the  sides,  injured  the  vacuum  below,  by  its  evapora¬ 
tion  ;  and  this  ^vater,  as  well  as  the  atmosphere  which 
came  into  contact  with  the  upper  part  of  the  piston  and 
sides  of  the  cylinder  at  every  stroke,  tended  materially  to 
cool  that  vessel.  Mr.  Watt  removed  these  defects,  by 
applying  oils,  wax,  and  fat  of  animals,  to  lubricate  his 
piston  and  keep  it  tight :  he  put  a  cover  on  his  cylinder 
(with  a  hole  in  it  made  air  and  steam  tight,  for  the  piston 
rod  to  pass  through,)  and  employed  the  elastic  force  of 
steam  to  press  upon  the  piston  :  he  also  surrounded  tlic 
cylinder  with  a  case  containing  steam,  or  a  case  of  wood, 
or  of  other  non-conducting  substance,  which  should  keep 
it  always  of  an  equable  temperature. 

The  improvement  of  Newcomen’s  engine,  so  far  as  the 
saving  of  steam  and  fuel  was  concerned,  ^vas  now  com¬ 
plete  in  Mr.  Watt’s  mind  ;  and  in  the  course  of  die  fol¬ 
lowing  year,  1765,  he  executed  a  working  m(xlel,  the  ef¬ 
fect  of  which  he  found  fully  to  answer  his  expectations. 
It  worked  readily  with  ten  and  an  half  lib.  on  the  inch, 
and  was  even  capable  of  raising  fourteen  lib. ;  and  did 
not  require  more  than  one  third  of  the  steam,  used  in  the 
common  atmosplieric  engine,  to  produce  the  sarrie  effect. 
Indeed,  the  principle  of  keqiing  the  vessel,  in  which  the 
elasticity  of  the  steam  is  exerted  always  hot,  and  that  in 
which  the  condensation  is  performed  always  cold,  is  in  it- 
self  i^erfect.  For  the  steam  never  coming  in  contact  with 
any  substance  colder  than  itself  until  it  had  done  its  office, 
ho  part  is  condensed  until  the  whole'  effect  has  been  ob¬ 
tained  in  the  cylinder ;  and  when  it  has  acted  there,  it  is 
so  condensed  in  the  separate  vessel  that  no  resistance  re- 
rnains:  accordingly,  the  barometer  proves  a  vacuitm^ 
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nearly  as  perfect  as  by  the  exhaustion  of  the  air-pump.  The 
whole  of  the  steam  and  heat  is  usefully  employed ;  and  the 
contrivance  appears  scarcely  to  admit  of  improvement. 

Such  is  the  history  of  this  valuable  invention,  which  we 
have  extracted  from  Dr.  Black  and  Professor  Robison’s 
testimonials,  who  were  privy  to  Mr.  Watt’s  diseovery ; 
as  well  as  from  some  etirly  letters  of  his  own  to  confiden¬ 
tial  friends,  to  which  we  have  had  access. 

We  have  entered  thus  minutely  into  the  subject,  from 
a  desire  to  do  that  justice  which  is  due  to  Mr.  Watt,  by 
showing  that  this  great  improvement  was  not  the  effect  of 
accident,  or  of  casual  observation,  but  the  result  of  deep 
reflection,  of  great  ingenuity,  and  much  philosophical  in¬ 
vestigation. 

It  did  not,  at  the  early  period  we  have  been  sj^eaking  of, 
escape  him,  that  great  benefit  might  be  derived  from  the 
direct  application  of  the  power  of  steam  to  driving 
mills,  instead  of  using  it  to  raise  water  to  act  on  a  wheel, 
as  had  heretofore  been  done ;  and  with  this  view,  he  in¬ 
vented  and  executed  the  model  of  a  steam  wheel,  for  giving 
a  circular  motion  to  an  axis. 

His  occupations  in  the  business  of  a  civil  engineer 
which  he  had  now  taken  up,  perhaps  also  the  indifferent 
state  of  his  health,  his  want  of  funds,  and  his  apprehension 
of  the  prejudices  and  opposition  he  might  have  to  encoun¬ 
ter,  prevented  his  applying  for  a  patent  for  the  invention 
we  have  described,  until  the  year  1769,  He  had,  we  lx‘- 
lieve,  previous  to,  or  about  that  time,  erected  an  engine 
for  his  friend  Dr.  Roebuck  of  Kinneil,  near  Borrows- 
tounness,  which,  upon  a  large  scale  confirmed  his  expec» 
tations  ;  the  proportionate  saving  of  fuel  being  from  two 
thirds  to  three  fourths  of  that  of  engines  on  Newcomen’s 
construction.  Dr.  Rot  buck,  whose  spirit  for  enterprise 
and  improvement  in  the  arts  is  well  known,  foresaw  all 
Uie  advantages  likely  to  result  from  tliis  invention,  and  bcr 
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came  associated  in  the  prospects  which  it  opened.  But 
some  of  his  own  projects  having  failed,  he  soon  after  dis¬ 
posed  of  his  interest  to  Mr.  Boulton,  the  celebrated  found- 
der  of  Soho  manufactory,  with  whose  aid  Mr.  Watt,  in 
1.74,  solicited  and  obtained  an  act  of  parliamcnit  for  the 
extension  of  the  term  of  his  patent  for  twenty-five  years ; 
and  the  business  of  making  steam  engines  was  soon  after 
commenced  by  the  firm  of  Boulton  and  Watt. 

In  executing  his  invention  on  a  large  scale,  Mr.  Watt 
felt  the  necessity  of  improving  the  construction  of  seve¬ 
ral  of  the  parts  of  Newcomen’s  engine.  With  this  view, 
he  induced  Mr.  Wilkinson  to  erect  an  apparatus  for  bor¬ 
ing  the  cylinders  with  more  precision  than  had  hitherto 
been  done  ;  he  adopted  a  new  mode  of  constructing  the 
piston  and  screwing  down  the  packing,  and  secured  the 
rod  in  the  piston  in  a  more  perfect  manner ;  he  introduc¬ 
ed  puppet  valves  into  the  steam  boxes  or  nozles,  instead 
of  the  old  sliding  regulators ;  he  used  better  means  of 
opening  these  valves,  and  added  various  improvements  in 
the  working  gear  ;  he  suspended  the  working  beam,  so 
that  the  centre  of  motion  was  below  the  centre  of  gravity, 
instead  of  being  above  it,  as  in  the  old  engines ;  and  he 
improved  the  mode  of  setting  the  boilers  on  the  grates,  as 
well  as  the  aj^paratus  for  keeping  the  boilers  regularly  sup¬ 
plied  with  water. 

He  introduced  also  into  some  of  his  earliest  reciprocat  • 
ing  engines,  the  principle  of  using  the  steam  to  act  ex¬ 
pansively,  which  he  had  discovered  so  early  as  the  year 
1769.* 

*  This  appears  by  a  letter  from  him  to  his  friend  the  late  Dr. 
Small,  of  Birmingham,  dated  Glasgow,  28th  May,  1769  ;  of  which 
the  following  is  airextract. 

‘  I  mentioned  to  you  a  method  of  still  doubling  the  effect  of 
<  the  steam,  and  that  tolerably  easy,  by  using  the  power  of  steam 
‘  rushing  into  a  vacuum,  at  present  lost.  This  would  do  little  more 
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Tlie  clwracter  of  his  eiigiiKs  Lx  big  now  fully  establish¬ 
ed  by  the  erection  of  several  large  ones  in  Cornwall,  and 
other  piirts  of  the  kingdom,  Mr.  Watt  recurred  to  his  fa¬ 
vourite  idea  of  a[>plying  the  power  of  steam  to  produce 
motions  round  an  axis. 

He  had,  upon  trial,  found  practical  objections  to  tlKi 
steam  wlieel  descrilxd  in  his  patent ;  and  a  second  one 
which  he  had  contrived  was  also  given  lip ;  for,  upon 
verj'  full  consideration  of  the  subject,  it  appeared  to  him, 
thiit  the  object  would  be  better  attained  by  deriving  the 
rotative  motion  from  the  rectilinear  motion  of  the  piston 
in  the  reciprocating  engine. 

Something  of  this  kind  liad  been  attempted  by  others. 
An  atmospheric  engine  had  been  employed  at  Hartley 
coalery,  in  Northumberland,  as  early  as  1768,  to  draw 
coals  out  of  a  pit.  It  had  a  toothed  sector  on  the  end  of 
the  working  beam,  working  into  a  trundle,  which,  by 
means  of  two  pinions  with  ratchet  wlieels,  produced  a  ro¬ 
tative  motion,  in  the  same  direction,  by  both  the  ascend¬ 
ing  and  descending  stroke  of  the  arch ;  and,  by  shitting 
the  ratcliets,  the  motion  could  be  reversed  at  pleasure. 
This  engine  had  no  fly- w  heel,  and  went  sluggishly  and  ir- 
regularly.  Who  the  inventor  was,  wc  do  not  know\ 

A  patent  was  taken  out  in  1769,  by  a  gentleman  of  the 
name  of  Stewart,  for  an  engine  w  hich  produced  a  rotative 


*  than  double  the  effect,  but  it  would  too  much  enlarge  the  vessels 

*  to  use  it  all.  It  is  peculiarly  applicable  to  wheel  engines,  and 

<  may  supply  the  want  of  a  condenser  where  force  of  steam  only  is 
‘  used:  for,  open  one  of  the  steam  valves,  and  admit  steam  until 

<  one  fourth  of  the  distance  between  it  and  the  next  valve  is  filled 

*  with  steam ;  shut  the  valve,  and  the  steam  will  continue  to  cx- 
‘  pand,  and  to  press  round  the  wheel  with  a  diminishing  power, 

*  ending  in  one  fourth  of  its  first  exertion.  The  sum  of  the  series 

*  you  will  find  greater  than  one  half,  tliough  only  one  fourth  steam 
‘  was  used.  The  power  will  indeed  be  unequal;  but  this  can 

‘  remedied  by  a  Jlijy  or  several  other  ways,* 
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motion,  by  a  chain  going  round  a  pully,  and  also  round 
two  barrels  furnished  ^vith  ratchet  wheels,  with  a  weight 
sus])endcd  to  the  free  end  of  the  chain,  which  served  to 
continue  tlie  motion  during  the  return  of  the  engine.  In 
1778,  Mr,  Matthew  Washbrough  also  obtained  a  patent 
for  communicating  a  rotative  motion  from  the  steam  en- 
gine,  by  a  metlKxl  which  was  virtually  the  same  as  that  at 
Hartley ;  only,  he  had  added  a  fly-wheel,  which  we  be¬ 
lieve  was  dien  for  the  first  time  employed  in  tlie  steam 
engine,  though  it  is  evident,  from  the  lettcc  we  have  quot¬ 
ed  from  Mr,  Watt  to  Dr.  Small,  that  the  former  had  con¬ 
ceived  the  idea  long  previous  to  this  period.  Two  or 
three  of  these  engines  were  erected  ;  but,  owing  to  the 
defective  mode  of  communicating  tlie  motion,  were  sub¬ 
ject  to  such  irregularities  and  accidents,  as  rendered  them 
of  little  use. 

The  idea  of  communicating  motion  from  the  beam  of 
tl\c  steam  engine  to  a  crank,  in  tlie  same  manner  as  is  done, 
in  tlie  common  frxit-lathe,  had,  as  we  are  informed,  early 
occurred  to  Mr.  Watt ;  but  we  believe  he  did  not  se¬ 
riously  set  about  reducing  his  ideas  to  practice  until  the 
year  1778  or  1779.  In  the  first  model  he  then  made,  in 
order  to  equalize  the  power,  tivo  cylinders,  acting  upon 
two  cranks  were  fixed  upon  the  same  axis,  at  an  angle  of 
120  degrees  from  each  other ;  and  a  weight  was  placed 
upon  the  circumference  of  die  fly-wheel,  at  an  angle  of 
120 "  from  each  of  the  cranks  ;  which  weight  was  to  be  so 
adjusted,  as  to  act  when  neither  of  tlie  cranks  could  do  so, 
and  consequently  to  render  the  power  nearly  equal.  This 
mv)dcl  performed  to  satisfaction  ;  but  Mr.  Watt  having 
neglected  to  ta!ce  out  a  patent  immediately,  the  essential 
part  of  the  contrivance  was  communicated,  as  we  under- 
stand,  by  a  workman  employed  to  make  the  model,  to  the 
persons  engaged  about  one  of  Washbrough’s  engines ; 
and  a  patent  was  taken  out  for  the  application  of  the  crank 
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by  the  engineer  there  empbyed.  This  did  not  disheart¬ 
en  Mr.  Watt ;  and,  witliout  troubling  himself*  with  set¬ 
ting  aside  a  patent  which,  so  long  as  it  continued  attach¬ 
ed  to  the  common  atmospheric  engine,  could  do  him  little 
harm,  he  set  about  other  modes  of  effecting  the  same 
thing;  and,  in  1781,  took  out  a  patent  for  several  now 
methods  of  applying  the  vibrating  or  Reciprocating  moti  »n 
of  steam  engines  to  produce  a  continued  rotative  motion 
round  an  axis ;  one  of  which  was  that  beautiful  contri¬ 
vance  of  the  revolvins:  motion  of  one  wheel  round  another. 
These  and  the  crank  were  indifferently  used  in  his  en¬ 
gines,  without  any  molestation  on  the  part  of  the  pirati¬ 
cal  patentee. 

This,  however,  was  only  a  part  of  what  Mr.  Watt  saw 
to  be  necessary,  in  order  to  perfect  this  application  of  the 
steam  engine.  The  steam  had  hitherto  been  used*  only 
to  press  down  the  piston,  which  was  returned  by  a  weight 
at  the  opposite  end  of  the  beam,  so  that  the  power  of  the 
steam  may  be  said  to  have  been  inactive  during  that  pe¬ 
riod.  Mr.  Watt  remedied  this,  by  applying  the  power  of 
the  steam  to  press  the  piston  down,  as  well  as  to  press  it 
up,  thus  forming  alternately  a  vacuum  above  and  below 
the  piston.  This  he  called  the  double  engine  ;  and,  in 
fact,  it  doubled  the  power  exerted  within  the  same  cylin¬ 
der.  He  had  long  had  in  his  mind  the  idea  of  this  im¬ 
provement  ;  and  had  even  produced  a  drawing  of  it  to 
the  house  of  commons  in  1774,  at  the  time  he  procured 
the  act  to  prolong  his  original  patent ;  but  the  first  he  ex¬ 
ecuted  was,  w'e  believe,  at  Soho  in  the  year  1781  or  1782, 
and  the  first  public  exhibition  of  it  at  the  Albion  Mills  a 
few  years  later. 

About  the  same  period,  finding  double  chains  or  racks 
and  sectors  verj^  inconvenient  for  communicating  the  mo¬ 
tion  of  the  piston  rod  to  the  angular  motion  of  the  beam, 
h.e  inveiited  and  applied  what  has  been  called  the  parolH 
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motion^  one  of  the  most  ingenious  and  most  perfect  con¬ 
trivances  in  .  mcclianics. 

To  prevent  irregularities  in  the  speed  of  the  engine, 
arising  from  variations  in  the  (juantum  of  power  used  at 
different  intervals  in  the  works  to  which  it  was  applied,  he 
made  an  application  of  the  centrifugal  force  of  what  is  called 
the  governor^  (before  used  in  the  wind  and  water  mills)  to 
regulate  the  admission  of  the  steam ;  by  this  means  keep* 
ing  the  engine  always  at  an  uniform  velocity,  and  dimin¬ 
ishing  the  consumption  of  steam  in  proportion  to  the  pow¬ 
er  exerted ;  thus  giving  the  finishing  stroke  to  the  per¬ 
fection  of  the  motion  of  this  machine,  and  rendering  its 
reguhirity  nearly  correspondent  with  that  of  the  pendulum 
of  a  clock. 

“  These  inventions  are  deUiiled  amongst  many  other  con¬ 
trivances,  both  relative  to  steam  engiiics,  and  the  applica¬ 
tions  of  their  power  in  two  patents,  dated  1782  and  1784. 
Some  of  these  are  highly  ingenious :  a  few  may  have  be*en 
first  ideas,  not  yet  reduced  to  jifactice ;  and  others  w’ere 
no  doubt  inserted  for  the  purpose  of  guarding  against  eva¬ 
sion. 

Such  is  the  general  outline  of  the  improvements  intro¬ 
duced  by  Mr.  W^att  into  the  steam  engine ;  but  it  would 
lead  us  too  far,  to  go  into  the  detail  of  the  applications  of 
this  pow’er,  or  to  enumerate  the  advantages  which  the 
country  has  derived  from  it.  W^e  shall  content  ourselves 
with  observing,  that  by  means  of  it,  many  of  the  princi¬ 
pal  mines  in  the  kingdom  have  been  kept  ojkmi,  and  ren¬ 
dered  productive,  when  othervN'ise  they  must  have  ceased 
to  work.  By  the  construction  of  the  rotative  engine,  a  * 
new  era  has  been  introduced  into  the  manufactures  of 
tlie  kingdom  ;  and  it  has  been  in  a  great  measure  ow  ing 
to  it,  that  those  manufactures  have  been  carried  to  an  ex¬ 
tent  unprecedented  in  the  history  of  nations.  The  merit 
and  success  of  these  impro^'emerits,  how’ever,  created  (a^ 
Vol.  II.  N 
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cr  ol'  horses,  to  state  the  number  of  the  latter  to  which  the 
new  power,  under  given  conditions,  would  be  equivalent; 
and  it  is  probable  that  Boulton  and  Watt  felt  that  such  a 
mode  of  comparison  would  be  more  intelligible  to  com¬ 
mon  apprehensions,  than  a  more  accurate  and  scientific 
formula.  It  gave  the  power  of  an  engine  expressed  in 
numbers,  of  which  the  ordinary  strength  of  a  horse  is  the 
unit,  ddiis,  no  doubt,  is  not  in  itself  very  exact,  the 
.ninit  being  large,  and  subject  to  some  variation.  Relative¬ 
ly  to  the  purpose  for  which  it  was  used,  it  was  however 
sufficiently  comet ;  and  on  this,  as  on  many  similar  oc- 
casions,  a  more  minute  measurement  would  have  been  less 
useful.  If  a  historian  would  express  the  interval  of  time 
between  two  diffierent  events,  he  is  in  general  satisfied  \vith 
counting  the  number  of  years  ;  and  it  would  be  a  useless 
affectation  of  accuracy  to  reckon  up  the  months,  days, 
hours  and  minutes,  that  must  be  added  or  taken  away,  in 
order  to  measure  the  aforesaid  inter\^al  with  mathematical 
exactness.  So,  also,  if  a  man  were  to  ride  post  from 
London  to  York,  it  would  serve  his  purpose  as  well  to 
know  the  distance  of  these  cities  in  miles,  as  in  feet,  inches, 
and  decimals  of  an  inch. 

Boulton  and  Watt,  however,  have  not  left  the  matter  in 
a  state  that  can  be  accounted  incomet  in  any  case,  but 
have  given  to  it  all  the  accuracy  that  can  be  required,  when., 
from  the  result  of  experiments  made  with  the  strong  hor¬ 
ses  employed  by  the  brewers  in  London,  they  have  as¬ 
sumed,  as  the  standard  of  a  horses’s  power,  a  force  able 
to  raise  thirty-three  thousand  lb.  one  foot  high  in  a  mi¬ 
nute  ;  and  this,  no  doubt,  was  meant  to  include  an  allow¬ 
ance  of  power  sufficiently  ample  to  cover  the  usual  valua¬ 
tions  of  the  strength  of  horses,  and  of  other  circumstances 
that  may  affect  the  accuracy  of  the  result.  This  determi- 
nation,  we  think,  could  not  be  unknown  to  Mr.  Gregory, 
and  certainly  not  to  his  coadjutor.  If,  in  forming  the  esti- 
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the  boiler,  by  shutting  the  steam-cock  c,  the  injection 

cock  d  being  also  shut.  The  receiver  noAv'gradually  cools, 

and  the  steam  included  in  it  condenses  into  water.  When 

this  is  the  case,  as  the  air  was  at  first  driven  out  by  the 

staim,  and  cannot  return  again,  all  the  cocks  being  shut, 
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a  vacuum  is  formed  iu  the  receiver ;  conscf]uently,  there 
is  nothing  to  counterbalance  the  pressure  of  the  atmos¬ 
phere*  whicli  acting  upon  the  water  in  the  well,  forces  it 
up  the  rising- pipe,  and  fills  the  receiver.  The  steam- 
cock  is  now  opened ;  and  the  steam  from  the  boiler  rush¬ 
ing  in  with  great  violence,  presses  upon  the  surface  of  tlic 
water  in  the  receiver,  and  forcing  it  through  the  pipes,  into 
the  rising-piiK*,  causes  it  to  shut  the  valve  n,  and  open 
the  other  valve  i ;  and,  provided  iIk^  steam  Ix^  suffieientiy 
strong,  will  force  it  up  the  rising-pipe  to  the  top  k,  w  here 
it  is  delivered.  The  cock  c  is  kept  open  until  all  the  wa¬ 
ter  be  driven  out  of  the  rcceiver,  and  it  is  again  filled  with 
steam.  The  regulator  is  now  applied,  which  shuts  the 
steam-cock,  whilst  at  the  s:ime  time  it  ojx.ns  the  injection- 
cock.  The  rising-pipe  being  still  full  of  w  ater,  a  stream 
of  cold  water  proceeds  through  the  pipe  e,  and  enters  the 
receiver  in  a  show  er.  This  instantly  condenses  the  steam 
in  the  receiver,  and  produces  a  vacuum  as  before ;  in  con- 
seejuence  of  which,  the  w  ater  from  the  w  ell  is  again  forced 
up  by  the  external  pressure  of  the  atmosphe  re,  and  the  re¬ 
ceiver  is  again  filled  with  W'ater.  The  regulator  is  then 
turned,  which  shuts  the  injection-cock  and  opens  tlie 
steam-cock,  wiiich  permits  the  steam  from  the  boiler  to 
press  upon  the  water,  and  again  force  it  up  the  rising- pipe. 
This  operation  filling  the  receiver  w  ith  water  by  means  of 
a  vacuum  produced  in  it,  and  forcing  it  up  the  rising- 
pipe  by  the  pressure  of  the  steam  from  the  boiler,  is  con¬ 
stantly  repeated,  by  merely  turning  the  regulator,  which 
shuts  and  o|x:ns  the  steam-cocks  and  injection-cocks  alter¬ 
nately. 

This  construction  of  the  steam-engine  is  extremely 
simple,  and  might  perhaps  be  successfully  applied  for 
some  purposes.  But  it  has  several  considerable  defects. 
It  may  readily  be  apprehended,  that  the  action  of  the  di¬ 
rect  steam  on  any  definite  surface  (such,  for  example,  as 
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a  square  inch)  will  be  accurately  equal  to  the  re-action  of 
the  \valer  which  is  forced  ujd  ;  and  consequently,  that  Sa¬ 
vory’s  engine  will  require  steam  more  elastic  than  the  air 
of  the  atm(^sphere,  in  every  case  except  where  the  water  is 
raised  no  higher  than  it  can  be  by  the  vacuum  that  is  pro¬ 
duced,  and  the  ])ressure  of  the  atmosphere.  When  the 
tvater  is  forced  up  through  the  rising-pipe,  ever}"  square 
inch  of  the  boiler  must  sustain  a  pressure  equal  to  a  co¬ 
lumn  of  water  an  inch  square,  and  of  the  height  of  the 
pipe  above  the  boiler.  This,  therefore,  requires  very 
strong  vessels,  and  several  accidents  happen  by  their  burst¬ 
ing  when  the  safety  valve  is  loaded  too  much. 

But  the  greatest  defect  of  this  machine  is  the  great  waste 
of  steam,  and  consequently  of  fuel.  For  when  the 
steam  is  admitted  to  the  top  of  the  cold  water  in  the  re¬ 
ceiver,  it  is  condensed  with  great  rapidity  ;  and  the  water 
d(K*s  not  begin  to  yield  to  its  pressure,  imtil  its  surface  is 
so  hot,  as  not  to  condense  any  more  steam  :  it  now  de¬ 
scends  ;  but  as  l)y  that,  a  new  part  of  the  side  of  tlie  recei¬ 
ver  is  exposed  to  the  steam,  more  is  condensed,  so  that  a 
condensation  of  ‘tiie  steam  is  going  on  all  the  while  the 
water  is  descending.  This  too  must  necessarily  be*  re¬ 
repeated  every  stroke,  as  the  receiver  is  cooled  every  time 
it  is  filled  with  water. 

Mr.  S  .varv  succeeded  inra.ising  water  to  small  heights, 
and  erected  s<.‘veral  engines  in  different  parts  of  England  ; 
but  he  could  make  nothing  of  deep  mines.  Many  at¬ 
tempts  have  been  made  to  correct  these  defects,  but  hi¬ 
therto  without  much  success. 

In  die  beginning  of  die  eighteenth  century,  Newcomen, 
an  ironmonger  or  smith,  and  Crawly,  a  giazier  at  Dart- 
•  mouth,  in  Devonshire,  first  conceived  the  project  of  ap- 
]ilviiig  a  piston  with  a  lever,  and  other  machinery.  They 
tverc  contented  to  share  the  profits  of  the  invention  with 
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Savary,  who  procured  a  patent  for  it  in  1705,  in  which 
they  were  all  tliree  joined. 

Fig.  2,  exhibits  a  section  of  New  comen’s  engine  :  a  is 
the  boiler,  built  in  brick-work.  In  the  top  of  the  boiler 
is  a  steam-pipe,  c,  communicating  with  the  cylinder,  b, 
which  is  of  metal,  and  is  bored  very  truly.  The  lower 
ajx:rture  of  this  pipe  is  shut  by  the  plate  n,  which  is 
ground  very  flat,  so  as  to  apply  very  accurately  to  the 
whole  circumference  of  the  orifice.  This  plate  is  called 
the  regulator,  or  steam-cock,  and  it  turns  horizontally 
round  an  axis  o,  which  passes  through  the  top  of  the  boi¬ 
ler,  and  is  fitted  by  grinding  to  the  socket,  so  as  to  be 
steam-tight.  It  is  opened  and  shut  by  a  handle  fixed  to 
its  axis. 

In  the  cylinder  b  is  a  solid  piston,  p,  well  fitted  into  it, 
and  made  air-tight  by  a  packing  of  leather  or  soft  roi^e, 
well  filled  with  tallow  ;  and  for  greater  security,  a  small 
quantity  of  water  is  kept  above  the  piston. 

The  piston-rod  d  is  suspended  by  a  chain,  which  is 
fixed  to  the  upper  extremity  of  the  arched  head  e  of  the 
great  lever,  or  working- beam,  e  f  g,  which  turns  on  the 
gudgeon  f.  There  is  a  similar  arched  head  g,  at  the 
other  end  of  the  beam  ;  to  the  upper  extremity  of  w  hich 
is  fixed  a  chain,  carrying  the  pump-rod  h,  w  hich  raises 
the  water  from  the  mine. 

The  load  on  this  end  of  the  beam  is  made  to  exceed 
considerably  the  weight  of  the  piston  at  the  other  extre¬ 
mity. 

At  a  small  height  above  the  top  of  the  cylinder,  is  a  cis¬ 
tern  called  the  injection-cistern,  i.  From  this  descend?i 
the  injection-pipe,  k,  which  enters  the  bottom  of  the  cy¬ 
linder,  and  terminates  in  a  nozzle  pierced  with  holes. 
This  pipe  has  a  cock,  1,  called  the  injection-cock. 

At  the  opposite  side  of  the  cylinder,  a  little  above  its 
bottom,  there  is  a  lateral  pipe' m,* turning  upwards  at  the 
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extremity  \  and  there  covered  by  a  clack-valve,  called 
the  snifting-valve,  which  has  a  little  dish  round  it,  to  hold 
^vater  for  keeping  it  air-tight. 

There  proceeds  also  from  the  bottom  of  the  cylinder,  a 
pipe  g,  of  which  the  lower  end  is  turned  upwards^  and  is 
covered  with  a  valve  r.  This  part  is  immersed  in  a  cis¬ 
tern  of  water,  called  the  hot- well,  and  the  pipe  itself  is  call¬ 
ed  the  eduction-pipe. 

Lastly,  the  boiler  is  furnished  a  safety  valve,  call¬ 
ed  the  puppct-clack,  in  the  stun?  manner  as  in  Savary’s  en¬ 
gine.  This  valve  is  generally  loaded  with  one  or  two 
pounds  on  the  sc|uare  inch,  so  that  it  allows  the  steam  to 
escape  when  its  elasticity  is  one- tenth  greater  than  that  of 
the  atmosj^here.  Thus  all  risk  of  bursting  the  boiler  is 
avoided,  the  pressure  outwards  being  very  moderate. 

When  the  cistern  for  the  injection-water  i,  cannot  be 
supplied  by  pij^es  from  some  more  elevated  source,  water 
is  raised  by  the  machine  itself.  A  small  lifting-pump  s, 
IS  worked  by  a  rod  v,  suspended  from  a  small  arch  upon 
the  great  beam  ;  this  forces  water  through  the  pipe  t  into 
the  injection-cistern. 

The  parts  of  the  engine  Ix^ing  now  described,  the  ope- 
ration  is  as  follows  : 

Suppose  the  piston  and  lever  in  the  position  represent¬ 
ed  in  the  plate,  and  the  water  in  the  boiler  in  a  state  of 
ebullition,  the  steam  and  injcction-cocks  being  shut^ 
Having  opened  the  steam-cock  n,  the  steam  froni  the 
boiler  will  immediately  rush  in,  and  flying  all  over  the 
cylinder,  will  mix  with  the  air. 

Much  of  it  will  be  condensed  by  the  cold  surface  of  the 
cylinder  and  piston,  and  the  water  produced  from  it  will 
trickle  down  the  sides,  and  run  off  by  the  eduction-pipe. 
This  condensation  and  waste  of  steam  will  go  on  until 
the  whole  cylinder  and  piston  be  made  as  hot  as  boiling- 
^^•ater. 
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When  this  liappens,  the  steam  will  begin  to  issue 
through  die  snifting-valve,  slowly  at  first,  and  cloudy,  be¬ 
ing  mixed  with  much  air ;  but,  by  degrees,  it  will  be¬ 
come  more  transparent,  having  carried  oS'  die  greatest  part 
of  the  air  which  filled  the  cylinder. 

When  the  attendant  perceives  that  the  blast  at  the  snift¬ 
ing-valve  is  strong  and  steady,  and  the  boiler  is  supplied 
with  a  steam  of  proper  strength,  appearing  by  the  renewal 
of  its  discharge  at  the  %afety-valve,  which  had  stopped 
while  the  cylinder  was  filling,  he  shuts  the  steam -cock  ii, 
and  opens  the  injection-cock  1.  The  pressure  of  water 
in  the  injection-pipe  forces  some  out  into  the  cylinder, 
w  hich  condenses  the  steam  and  forms  a  partial  vacuum, 
as  explained  above. 

The  upper  side  of  the  piston  is  now  exposed  to  the 
whole  pressure  of  the  atmosphere,  w^hich,  not  being  coun¬ 
terbalanced  on  the  under  side,  will  act  w  ith  its  whole  force 
cai  the  piston,  and,  provided  there  be  not  too  much  weight 
on  tlie  other  end,  w  ill  raise  it,  die  piston  going  to  the  bot¬ 
tom  of  the  cylinder. 

When  the  piston  heis  gone  down  as  low  as  necessary, 
the  injection-cock  is  shut,  and  the  steam-cock  opened, 
’riie  steam,  w  hich  lias  be*en  accumulating  above  the  wa¬ 
ter  in  die  boiler,  during  the  time  of  the  descent  of  the  pis¬ 
ton,  and  is  now  issuing  through  the  puppet-clack,  as  soon 
as  the  steam-cock  is  opened,  rushes  violently  into  the  cy¬ 
linder,  having  a  greater  elasticit}’  than  that  of.  the  air.  It 
therefore  immediately  blows  ojx:n  the  snifting-valve, 
through  which  it  drives  out  the  air  that  liad  been  disen¬ 
gaged  irom  the  injection- water. 

•  At  the  same  time,  the  water  which  had  been  injected 
before,  and  die  condensed  steam,  run  out  through  the 
eduction-pipe  g,  and  lifting  up  the  valve  r,  flow  into  th<‘ 
hot-well. 
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By  the  admission  of  the  steam  under  the  piston,  the 
pressure  of  the  atmosphere  on  the  top  is  counterbalanced, 
and  the  piston  is  free  to  move  upwards  or  downwards. 

But  the  other  end  of  the  beam  being  broader,  so  as  to 
he  lieavier  than  the  piston,  now  raises  it  to  the  top  of  the 
cylinder,  whence  it  is  again  forced  downwards  by  the  pres¬ 
sure  of  the  atmosphere,  as  soon  as  a  vacuum  is  formed 
under  it  by  the  admission  of  the  injection- water.  In  this 
manner  the  operation  is  repeated  ;  the  piston  Ix'ing  forc¬ 
ed  down  by  the  weight  of  the  atmosphere,  raises  the 
other  end  of  the  beam,  with  whatever  is  attached  to  it ; 
and,  on  the  other  hand,  when  the  pressure  of  the  atmo¬ 
sphere  is  counterbalanced  by  the  steam  unde^  the  piston, 
the  superior  \veight  of  the  pump-end  of  the  beam  brings 
the  piston  up  again. 

W e  now  see  the  difference  between  Savary ’s  and  New¬ 
comen’s  engine,  in  respect  to  principle.  Savary ’s  was 
an  engine  that  raised  water  by  the  force  of  steam ;  but 
Newcomen’s  raises  water  entirely  by  the  pressure  of  the 
atmosphere  ;  and  the  steam  is  employed  merely  as  the 
most  expeditious  mode  of  producing  a  vacuum,  into 
which  tlie  atmospherical  pressure  may  impel  the 
mover  of  his  machine. 

We  see  also  the  great  superiority  of  this  new  machine. 
We  have  no  need  of  steam  of  great  and  dangerous  elastici¬ 
ty  ;  and  we  oj>erate  by  means  of  very  mcxlerate  heats,  and 
consequently  with  a  much  smaller  quantity  of  fuel :  and 
there  are  no  bounds  to  the  power  .)f  this  machine.  How 
deep  soever  a  mine  may  be,  a  cylinder  may  be  employed 
of  such  dimensions,  that  the  pressure  of  the  air  may  ex¬ 
ceed  in  any  degree,  the  weight  of  the  column  of  water  to 
be  raised.  And  histly,  this  form  of  the  machine  renders 
it  applicable  to  almost  every  mechanical  purpose ;  l^e- 
cause  a  skilful  mechanic  can  readily  find  a  metho<l  of 
converting  tlie  reciprocating  motion  of  the  working- beani 
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into  a  motion  of  any  kind  which  may  suit  his  purjx)se. 
Savarj  ’s  engine  could  hardly  admit  of  such  a  general  ap¬ 
plication,  and  seems  almost  restricted  to  raising  water. 

Newcomen’s  engine  was  first  offered  to  the  public  in 
1705.  But  many  difficulties  occurred  in  the  execution 
of  it,  which  were  removed  one  by  one ;  and  it  was  not 
till  1712,  that  the  engine  seemed  to  give  confidence  in  its 
efficacy. 

The  most  exact  and  unremitting  attention  was  rccjui- 
red,  to  open  and  shut  the  cocks  precisely  at  the  proper 
time ;  for  neglect  might  be  ruinous  to  the  machine,  by 
the  confined  steam  beating  out  the  bottom  of  tlie  cylinder, 
or  allowingMie  piston  to  be  wholly  drawn  out  of  it.  Stops 
were  contrived  to  prevent  these  accidents ;  then  strings 
were  used  to  connect  the  handles  of  the  cocks  with  the 
beam,  so  that  they  should  be  turned  whenever  it  was  in 
certain  positions.  These  were  gradually  changed,  and 
.  improved  into  detents  and  catches  of  different  shapes  ;  at 
last,  Mr.  Beighton,  a  very  ingenious  and  well  informed 
artist,  simplified  the  whole  of  these  subordinate  move¬ 
ments,  and  otherwise  very'  much  improved  the  machine. 

The  greatest. improvement  that  has  since  been  made  on 
Newcomen’s  engine,  has  been  in  the  manner  of  placing 
the  boiler.  Instead  of  placing  it  underneath  the  cylinder, 
it  is  built  at  some  distance  from  it,  and  sometimes  in  a 
separate  building. 

About  1762,  Mr.  Watt  began  to  turn  liis  attention  to 
this  machine,  which  he  lias  since  brought  to  so  great  a  de¬ 
gree  of  jxTfection. 

But  before  we  explain  Mr.  Watt’s  engines,  it  is  neces¬ 
sary  to  premise  a  short  account  of  the  imjxrfcctions  of 
the  old  steam-engines,  and  their  causes. 

The  steam  or  vapour  which  arises  from  water  confined 
in  a  close  vessc*l,  and  heated  a  few  degrees  above  the  point 
at  which  it  boils  in  tlie  open  air,  bccomc'S  an  eUistic  fluid, 
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uniform,  and  transparent,  about  half  the  gravity  of  atmo¬ 
spheric  air,  very  much  greater  in  bulk  than  the  water  of 
which  it  is  composed,  and  capable  of  being  again  redu¬ 
ced  to  water  v\  hen  brought  into  contact  with  matter  of  a 
less  degree  of  heat  than  itself. 

The  prc'ssure  of  the  atmosphere,  or  any  equivalent  re- 
sisuiuce,  prevents  the  production  of  steam,  until  the  wa¬ 
ter  is  heated  to  212  degrees  of  Fahrenheit’s  thermome¬ 
ter  ;  but  when  that  pressure  is  removed,  or  the  water  is 
placed  in  a  vessel  exhausted  of  air,  steam  is  produced 
from  it  when  it  is  colder  than  the  human  blood.  On  the 
contrary,  if  tvater  is  pressed  upon  by  air  or  steam,  which 
arc  more  compressed  than  the  atcnosphei*e,  a  degree  of 
heat  above  212  det^ees  is  necessary  for  the  production  of 
steam  ;  and  the  difference  of  heats  at  which  water  boils 
under  different  pressures,  increases  in  a  less  proportion 
than  the  pressures  themselves ;  so  that  a  double  pressure 
recjuires  less  than  a  double  increase  of  sensible  heat. 

^rhe  experiments  which  have  been  published  concern- 
ino:  the  bulk  of  w'ater  w'hen  converted  into  steam,  are  er- 
roneous ;  and  the  conclusions  draw’n  from  them  make 
that  bulk  greater  than  it  really  is.  It  has  been  known 
for  some  time,  that  w^ater  would  boil  in  an  exhausted  re¬ 
ceiver  at  a  low’  degree  of  hciit. 

If  we  consider  the  common  steam-engine,  w  e  shall 
find  it  defective  ;  first,  because  the  vacuum  is  produced 
by  throwing  cold  water  into  the  cylinder  to  condense  the 
steam  :  that  water  becomes  hot,  and,  being  in  a  vessel  par¬ 
tially  exhausted,  produces  a  steam,  which  in  part  resists 
the  pressure  of  the  atmosphere  upon  the  piston,  and  les¬ 
sens  the  ix)W’er  of  the  engine.  The  second  defect  is  the 
destruction  of  steam,  which  unavoidably  happens  upon  at¬ 
tempting  to  fill  a  cold  cylinder  with  that  fluid ;  for  the 
injection-water,  at  the  same  time  that  it  condenses  the 
steam,  not  only  cools  the  cylinder,  but  remains  there  un¬ 
til  it  is  extruded  at  the  eduction-pipe  by  the  steam  which 
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is  let  in  to  fill  the  cylinder  Tor  the  next  stroke ;  and  that 
steam  ill  be  condensed  into  water  as  fast  as  it  enters,  un¬ 
til  all  the  matter  it  comes  in  contact  with,  is  nearly  ^s  hot 
as  itself. 

Every  attempt  to  make  the  vacuum  more  perfect  by  the  j 
addition  of  injection- water,  will  cool  the  cylinder  more  ef¬ 
fectually,  and  cause  a  greater  destruction  of  steam  in  the 
next  filling ;  anti  if  the  engine  has  already  a  proper  load,  | 
the  destruction  of  steam  will  proceed  in  a  gi  cater  ratio  i 
than  the  increase  of  power  by  the  amendment  of  the  va¬ 
cuum.  -  - 

Though  it  apjxiars  that  the  constructors  of  steam-en¬ 
gines  have  never  investigated  these  causes,  yet  they  have 
been  so  sensible  of  th/  effects,  tliat  a  judicious  engineer 
does  not  attempt  to  load  his  engine  with  a  column  of  water 
heavier  than  seven  pounds  for  each  square  inch  of  the  area 
of  the  piston. 

Mr.  Watt’s  improvements  arc  founded  upon  these,  and 
some  other  collateral  observations.  He  preserves  an  uni¬ 
form  heat  in  the  cylinder  of  his  engines,  by  sufl'ering  no 
cold  water  to  touch  it ;  and  by  protecting  it  from  the  air 
tyr  other  cold  bodies,  by  a  surrounding  case  filled  with 
the  steam,  or  with  hot  air  or  water,  and  by  coating  it  over 
with  substances  that  transmit  heat  slowl}'.  He  makes  his 
vacuum  to  approach  nearly  to  that  of  the  barometer,  by 
condensing  the  steam  in  a  separate  vessel,  called  the  con¬ 
denser  ;  \vluch  may  be  cooled  at  pleasure  without  cooling 
the  cylinder,  either  by  injection  of  cold  water,  or  by  sur¬ 
rounding  the  condenser  with  it ;  and  generally  by  both. 
He  extracts  the  injection -water  and  detached  air  from  the 
cylinder  or  condenser,  by  pumps,  which  arc  wrouglu  by 
tlic  engine  itself;  or  he  blows  it  out  by  the  steam. 

As  the  inside  of  the  cylind  r  w'as  in  the  old  engine  ex¬ 
posed  to  the  air  at  every  stroke  when  the  piston  descended, 
and  was  considerably  cooled  thereby,  he  incloses  the  top 
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of  the  cylinder  by  a  metal  plate,  having  a  hole  in  it  through 
which  the  piston-rod  works  in  a  collar  of  leatlxTs ;  and 
instead  of  employing  the  presSure  of  the  atmosphere  to 
force  down  the  piston,  he  introduces  the  steam  above 
the  piston,  when  the  vacuum  is  formed  underneath, 
and  employs  it  to  produce  this  ettect :  thus  making  the 
direct  pressure  of  the  steam  the  moving  power,  as  in  the 
original  construction  of  the  engine. 

The  last  great  improvement  made  by  Mr.  Watt,  was 
his  giving  an  impulse  to  the  piston  by  the  steam,  both  in 
descending  and  ascending,  instead  of  being  impelled,  as 
in  the  old  engine,  during  the  descent  of  the  piston  only. 

Having  thus  briefly  mentioned  the  principal  improve¬ 
ments  made  in  the  steam  engine  by  Mr.  Watt,  we  shall 
proceed  to  describe  one  of  his  engines  on  the  latest  con¬ 
struction. 

A  is  the  l>oiler,  to  which  Mr.  Watt  has  paid  ver}"  gieat 
attention.  It  is  generally  of  an  oblong  form ;  and  the 
flame,  after  striking  on  its  concave  bottom,  circulates 
round  the  sides,  and  sometimes  returns  in  a  pipe  through 
the  body  of  the  water  before  it  is  suffered  to  go  up  into 
the  chimney.  In  his  engines  there  are  commonly  two  of 
these  boilers,  so  that  one  of  them  may  ^vork  while  the 
other  is  repairing.  B  (Plate  fig.  3)  is  the  steam-pipe  which 
conveys  the  steam  to  the  cylinder  C,  which  is  cased,  and 
closed  at  top  by  a  plate,  having  a  collar  of  leathers, 
through  which  the  piston-rod  1)  w^orks.  a  and  e  iirc  the 
steam-valves,  through  which  the  steam  enters  into  the  cy¬ 
linder:  it  is  admitted  through  a,  when  it  is  to  press  the 
piston  downwards,  and  through  c  w  hen  it  presses  it  up- 
w'ards.  b  a.nd  d  arc  the  eduction- valves,  through  which 
the  steam  passes  from  the  cylinder  into  the  condenser  e, 
w  hich  is  a  sep:\ratc  vessel  placed  in  a  cistern  of  cold  water, 
and  which  lias  a  jet  of  cold  water  continually  playing  up 
in  the  inside  of  it.  f  is  tlie  air  pumj)^  which  extracts  the  air 
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and  water  I'roni  the  condenser  :  it  is  worked  by  the  great 
ba\m  or  lever ;  and  the  water  brouglu  by  it  from  the  con¬ 
denser,  after  being  brouglit  into  the  hot-well  g,  is  piimiKd 
lip  again  by  the  pump  h,  and  is  brought  back  again  into 
the  boiler  by  the  pijxi  i.  k  is  another  pump,  also  worked 
by  the  engine  itself,  which  supplies  the  cistern  in  which 
the  condenser  is  placed,  with  cold  water. 

In  the  old  engines,  where  the  working  stroke  was  only 
downwards,  the  piston-rod  was  attached  to  the  beam  by 
chains,  which  bent  round  an  arch  on  the  end  of  tlie  beam, 
in  order  to  make  the  piston-rod  move  always  in  a  peqxm- 
dicular  direction.  This  may  Ix"  seen  in  the  plate  of  New¬ 
comen’s  engine.  But  in  Mr.  Watt’s  engines,  where  the 
working- stroke  is  doubled,  that  is,  both  upwards  and 
downwards,  chains  could  not  answer  this  purpose,-  as, 
when  the  piston  w  as  forced  upw  ards,  they  w  ould  slacken, 
and  would  not  communicate  the  motion  to  the  beam.  It 
was  necessary,  therefore,  that  the  piston-rod  should  be  fas¬ 
tened  to  the  beam  by  inflexible  bars ;  but  that  the  stroke 
might  be  jxrpendicular,  a  particular  contrivance  w^as 
invented  by  Mr.  Watt,  w  hich  is  exhibited  in  the  plate, 
and  which  answers  the  intended  purpose  admirably.  It 
is  usually  called  the  parallel  joint,  and  its  nature  and  con¬ 
struction  will  be  easily  understood  from  the  figure.  In 
order  to  make  the  engine  itself  open  and  shut  the  steam 
and  eduction-valves,  long  levers  are  attached  to  them, 
which  are  moved  by  the  piston-rod  of  the  air-pump  E  F. 
This  part  of  the  apparatus  is  called  the  working-gecr,  and 
is  so  contrived,  tliat  the  valves  may  be  worked  either  by 
hand  or  by  the  perpendicular  rod.  By  shutting  these 
valves,  the  engine  may  be  stopped  in  an  instant. 

In  order  to  communicate  a  rotatory  motion  to  any  ma¬ 
chinery  by  the  motion  of  the  beam  of  the  steam-engine, 
Mr.  Watt  makes  use  of  a  very  large  fly -Awheel  G;  on  the 
axis  of  which  is  a  small  concentric  toothed  wheel,  H.  A 
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similar  toothed  wheel  I,  is  fastened  by  straps  to  a  rod  com¬ 
ing  from  the  end  of  the  beam,  so  that  it  cannot  turn  round 
on  its  axis,  l^ut  must  rise  and  fall  with  the  motion  of  the 
great  beam. 

A  bar  of  iron  connects  the  centres  of  these  two  small 
toothed  wheels,  so  that  they  cannot  quit  each  other. 
When,  therefore,  the  beam  raises  the  wheel  I,  it  must 
move  round  the  circumference  of  the  wheel  H,  and  turn 
it  together  with  the  fly  ;  and  it  will  be  evident,  upon  con¬ 
sideration,  that  the  fly,  driven  in  this  manner,  will  make 
two  revolutions  for  every  one  of  the  wheel  I.  This  mode 
of  moving  the  fly,  is  preferable  to  a  crank ;  as  it  goes  with 
twice  the  velocity.  This  contrivance  is  called  the  sun 
and  planet  ^vheel,  from  the  resemblance  of  the  motion  to 
that  of  those  luminaries. 

The  valves  of  this  steam-engine  are  all  puppet- valves, 
as  these  are  found  least  liable  to  be  out  of  order. 

The  mode  of  operation  in  Mr.  Watt’s  engine,  is  as  fol¬ 
lows  : 

Suppose  the  piston  at  the  top  of  the  cylinder,  in  the  si¬ 
tuation  represented  in  the  plate,  and  the  lower  part  of  the 
cylinder  filled  with  steam.  By  means  of  the  handle  E, 
open  the  steam-valve  a,  and  the  eduction-valve  d,  the 
levers  of  which  are  connected  togetlier ;  there  being  now 
a  communication  between  the  cylinder  and  the  condenser, 
the  steam  instantly  rushes  into  the  condenser,  leaving  the 
cylinder  empty  ;  whilst  at  the  same  time  the  steam  from 
the  boiler,  entering  by  the  steam -valve  a,  presses  upon 
the  piston  and  forces  it  down.  As  soon  as  the  piston  has 
arrived  at  the  bottom,  the  steam- valve  c,  and  the  educ¬ 
tion  valve  b,  are  opened,  whilst  the  valves  a  and  d  arc 
shut  r  the  steam  therefore  immediately  rushes  through 
the  eductiou-valve  b,  into  the  condenser,  whilst  the  piston 
is  forced  up  ag-ain  by  the  steam,  Avhich  is  now  admitted 
by  the  steam- valve  c. 

Vol,  II.  P 


114 


Steam  Engme. 

*  Fig*.  4,  which  is  a  section  of  the  steam-pipes,  taken  at 
right  angles  to  that  in  fig.  3,  shews  this  more  distinctly  ; 
s  is  the  pipe  which  conveys  the  steam  from  the  boiler  ;  a 
and  c  are  the  steam- valves,  and  b  and  d  the  eduction- 
valves.  By  attending  to  the  operation  in  both  the  sections, 
the  reader  will  easily  understand  it.  It  appears  at  first  a 
little  confused,  by  there  seeming  to  be  only  one  steam- 
pipe  for  communicating  between  the  cylinder  and  the 
condenser ;  but  the  difficulty  is  cleared  up,  by  represent¬ 
ing  both  the  pipes,  as  in  fig.  4. 

Fig.  5,  is  a  longitudinal  section  of  the  boiler,  repre¬ 
senting  the  mode  of  suppl}'ing  it  with  water,  and  the 
safety-valve  and  cocks,  f  is  \\  small  cistern,  which  is 
supplied  with  water  from  the  hot- well,  as  represented  in 
fig.  3  ;  from  the  bottom  of  this  cistern,  a  pipe  goes  dow  n 
almost  to  the  bottom  of  tlie  boiler,  where  it  turns  up  a  lit¬ 
tle,  to  prevent  the  entrance  of  the  steam  which  rises  from 
the  bottom.  From  the  side  of  this  cistern,  is  suj)port- 
ed  a  small  lever,  to  one  end  of  which  is  fastened  a  wire, 
that  carries  a  stone  which  hangs  in  the  water  of  tlie  boiler ; 
tlie  other  end  of  tlie  lever  supporting  also  by  a  win;,  a 
valve  that  shuts  the  top  of  the  pipe  that  goes  down  from 
the  cistern.  Now,  supposing  the  stone  just  at  the  sur¬ 
face  of  the  water,  and  balanced  by  a  weight  at  the  oppo¬ 
site  end  of  the  lever ;  it  is  evident,  that  by  the  laws  of  hy¬ 
drostatics,  already  explained,  a  certain  part  of  the  weight 
of  the  stone  will  be  supported  by  the  water,  so  long  as  it 
continues  immersed  in  it ;  but  if  a  part  of  the  water  evapo¬ 
rate  by  boiling,  a  proportional  part  of  the  stone  will  be 
above  the  water,  consequently  the  stone  will  bear  more 
uj>on  the  lever  and  raise  the  weight  at  the  other  end  ;  but 
,in  raising  that  weight,  it  also  ojiens  the  valve  in  the  small 
cistern,  and  admits  water  until  it  stand  at  the  same  height 
in  the  boiler  as  before,  and  then  the  valve  and  the  stone 
being  again  in  cquiiibrio,  the  valve  remains  shut  until  a . 
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i^w  quantity  is  evaporated.  By  this  means  tlie  supply 
of  water  is  very  gradual,  however,  and  not  by  fits  and 
starts,  as  here  described  for  the  sake  of  illustration. 

It  is  found  by  experience,  to  be  a  much  better  method 
than  a  ball-cock,  and  the  regular  supplying  of  the  boiler 
^vith  Wtater  is  of  the  first  importance.  As  a  check  upon 
this,  and  to  know  [x:rfectly  the  height  of  the  water  in  the 
boiler,  there  are  two  cocks,  g  and  h,  one  of  which  reaches 
nea.rly  to  the  surface  of  the  water  wiien  at  its  proper  height, 
and  the  other  enters  a  little  below  the  surface. 

It  is  evident,  that  if  the  tvater  be  at  tlie  just  height,  and 
you  open  g,  steam  will  issue ;  and  if  h  be  opened,  uviicr 
will  be  driven  out  by  the  pressure  of  the  steam.  But  if 
water  come  out  from  g,  then  the  tvater  must  be  too  high 
in  the  boiler  ;  and  if  steam  issue  from  h,  then  the  water  is 
too  low.  By  this  means,  it  is  easy  to  know  at  all  times 
tlie  exact  height  of  the  water  in  the  boiler. 

i  is  a  siifety-valve,  to  prevent  the  bursting  of  the  boiler 
by  the  steam  growing  too  strong  ;  k  is  the  pipe  which 
conveys  the  steam  to  the  engine. 

Fig.  6  is  Mr.  Cartwright’s  steam-engine,  the  construc¬ 
tion  of  which  evinces  much  ingenuity,  a  is  the  cylinder, 
tvhich  is  supplied  with  steam  from  the  boiler  through  the 
pipe  b  ;  c  is  the  piston  in  the  act  of  going  up ;  d  is  the 
pipe  that  conducts  the  steam  into  the  condenser  e,  wluck 
consists  of  two  ctjlindersy  one  within  the  other ^  leaving  a 
small  space  between  them^  mto  which  the  steam  is  admit- 
ted;  while  the  inner  cylinder  is  filled  w  ith  cold  water,  and 
also  the  external  cylinder  surrounded  by  the  sanK' ;  so 
that,  by  this  means,  a  verj^  large  surface  of  steam  is  ex¬ 
posed,  though  no  water  is  suffered  to  come  into  actual 
contact  with  it. 

To  the  bottom  of  the  niston  c,  is  attached  a  rod,  with 

•  * 

another  piston  e,  w  orking  in  the  pipe  d.  Wheu  the  pis- 
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ton  e  arrives  at  the  bottom  of  the  cylinder,  a  valve  which 
is  in  the  piston,  is  opened  by  its  pressing  against  the  bot¬ 
tom,  and  opens  a  comm uiiicat ion  with  the  condenser, 
whilst  the  spring  k,  fixed  to  the  rod  of  the  piston,  shuts 
.  the  valve  which  admits  the  steam  from  the  boiler.  The 
steam,  therefore,  being  thus  condensed,  runs  into  the 
low  er  pipe  f.  The  piston  e,  arriving  at  the  bottom  of  the 
pipe  in  which  it  works  at  the  same  time  with  c,  presses 
,  upon  the  condensed  water,  shuts  the  valve  f,  and  forces 
the  water  up  the  pipe  g,  into  the  box  h.  The  air  w  hich 
is  disengaged  from  the  water,  rises  to  the  top  of  the  box, 
and,  by  its  elasticity,  forces  the  water  tlirough  the  pi}:)e.  i, 
which  carries  it  back  again  into  the  boiler.  When  the 
air  accumulates  in  the  box  to  such  a  degree  as  to  depress 
the  water,  the  ball-cock  falls  with  it,  and  opens  a  valve 
in  the  top  of  the  box,  which  suffers  some  of  the  air  to  es¬ 
cape. 

When  all  the  steam  is  condensed,  the  motion  of  the  fly 
attached  to  the  machine  brings  the  piston  up  again,  its 
valve  now  remaining  shut  by  its  weight.  On  arriving  at 
the  top,  it  presses  up  the  steam- valve,  which  admits  the 
steam  from  the  boiler  to  force  it  down  as  before. 

1  and  m  are  two  cranks,  upon  whose  axis  are  two  equal 
wheels  working  in  each  other,  for  the  purpose  of  convert¬ 
ing  the  peq^endicular  motion  of  the  piston-rod  into  a  rota- 
toiy^  motion,  for  working  the  machinery  attached  to  it. 

But  the  most  valuable  part  of  this  engine  is  in  the  con¬ 
struction  of  the  piston,  which  Mr.  Cartw  right  made  whol¬ 
ly  of  metal,  and  so  as  by  means  of  springs,  to  fit  the  cy¬ 
linder  very  exactly.  This  not  only  saves  the  expence 
and  trouble  of  packing,  which  they  arc  obliged  frequent¬ 
ly  to  renew  in  all  other  engines,  but  also  saves  a  great  deal 
of  steam,  on  account  of  tlie  more  accurate  fitting  of  the 
piston. 
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As  it  is  evident,  from  its  construction,  that  the  whole 
of  the  steam  is  brought  back  again  into  the  boiler,  it  af¬ 
fords  the  means  of  employing  ardent  spirit  ,  instead  of  wa¬ 
ter,  and  thus  saving  a  great  deal  of  fuel. 

Tliis  machine  seems  to  be  peculiarly  applicable  to  pur¬ 
poses  requiring  only  a  small  power,  as  it  is  not  expensive, 
and  occupies  little  room. 

It  would  far  exceed  the  limits  of  this  work,  to  enter  in-* 
to  an  examination  of  all  the  steam-engines  invented  by 
diffi  rent  persons.  It  is  sufficient  to  mention,  that  no  en¬ 
gine  of  this  kind  has  been  found,  upon  careful  trial,  to  be 
superior  to  those  of  Mr.  Watt. 

From  this  brief  description  of  the  steam  engine,  the 
reader  will  be  enabled  to  perceive  the  nature,  and  appreci¬ 
ate  the  value,  of  Mr.  W att’s  improvements.  It  had  hith¬ 
erto  been  the  practice  to  condense  the  steam  in  the  cylin¬ 
der  itself,  by  the  injection  of  cold  ^^^ater ;  but  the  ^vater 
w  hich  is  injected  acquires  a  considerable  degree  of  heat 
from  the  cylinder  and  being  placed  in  air  highly  rarefied, 
part  of  it  is  converted  into  steam,  which  resists  the  piston, 
and  diminishes  the  po\ver  of  the*  engine.  When  the  steam 
is  next  admitted,  part  of  it  is  converted  into  water  by 
coming  in  contact  with  the  cylinder,' which  is  of  a  loAver 
temi^erature  than  the  steam,  in  consequence  of  the  de¬ 
struction  of  its  heat  by  the  injection- water.  By  conden- 
,  sing  the  steam,  therefore,  in  the. cylinder  itself,  the  resist¬ 
ance  to  the  piston  is  increased  by  a  partial  reproduction 
of  this  elastic  vapour,  and  the  impelling  power  is  dimin¬ 
ished  by  a  partial  destruction  of  the  steam  w  hich  is  next 
admitted.  Both  these  inconveniences  Mr.  Watt  has  in 
a  great  measure  avoided,  by  using  a  condenser  separate 
from  the  cylinder,  and  encircled  with  cold  water  ;  and  by 
surrounding  the  cylinder  with  a  wooden  case,  and  inter¬ 
posing  light  wood-ashes  in  order,  to  prevent  its  heat  fixnn 
being  abstracted  by  the  ambient  Jjir. 
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The  greatest  of  Mr.  Watt’s  improvements  consists  in 
his  employing  the  steam  both  to  elevate  aiid  depress  the 
piston.  In  the  engines  of  Newcomen  and  Beighton,  the 
sU  am  was  not  tlie  impelling  pon  er  :  it  was  used  merely 
for  producing  a  vacuum  below  the  piston,  which  was 
forced  down  by  the  })rcssiire  of  tlic  atmosphere,  and  ele¬ 
vated  by  the  counterweight  at  the  farther  extremity  of  the 
great  beam.  The  cylinder,  therefore,  was  exposed  to  the 
external  air  at  every  descent  of  the  piston,  and  a  eonside- 
rabic  portion  of  its  heat  being  thus  abstracted,  a  corres¬ 
ponding  quantity  of  steam  was  of  conse(|uence  destroyed. 
In  Mr.  Watt’s" engines,  however,  the  external  air  is  ex¬ 
cluded  by  a  metal  plate  at  the  lop  of  the  cylinder,  n  hlch 
has  a  hole  in  it  for  admitting  the  piston-rod ;  and  the  pis¬ 
ton  itself  is  raised  and  depressed  merel}’  b)  the  force  of 
steam. 

When  these  improvements  are  adopted,  and  the  engine 
is  constructed  in  the  most  perfect  manner,  there  is 
hot  alx)ve  i  part  of  the  steam  consumed  in  heating  the  ap¬ 
paratus  ;  and,  therefore,  it  is  imj>ossible  that  the  engine 
can  Ix^  rendered  more  pow  erful  than  it  is  at  present.  It 
ivould  lx  very  desirable,  however,  that  the  force  of  the 
piston  could  be  properly  communicated  to  the  machinery 
without  the  intervention  of  the  great  beam.  This,  in¬ 
deed,  has  been  attempted  In*  Mr.  Watt,  who  has  employ¬ 
ed  the  piston-rod  itself  to  drive  the  machinery  ;  and  Mr. 
Cartwrigi'it  has,  in  his  engine,  converted  tlie  perjxndicular 
motion  of  the  piston  into  a  rotatory  motion,  Iw  means  of 
two  cranks  fixed  to  the  axis  of  two  equal  wheels  which 
work  in  each  other.  Notwithstanding  the  simplicity  of 
these  methcKls,  none  of  them  have  come  into  general  use ; 
and  Mr.  Watt  still  prefers  the  invention  of  the  great  beam, 
which  is  generally  made  of  hard  oak,  with  its  heart  taken 
out,  ill  order  tf)  jirevent  it  from  warping.  A  considera¬ 
ble  quantity  of  power,  liou'cver,  is  wasted. by  dragging,- 
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at  eveiy  stroke  of  the  pibton,  such  a  mass  of  matter  from 
a  state  of  rest  to  a  state  of  motion,  and  then  from  a  state 
of  motion  to  a  state  of  rest.  To  prevent  this  loss  of  pow¬ 
er,  a  light  frame  of  carpentry  has  been  employed  by  seve¬ 
ral  engineers,  instead  of  the  solid  beam ;  but  after  being 
used  for  some  time,  the  wood  w  as  generally  cut  l^y  the* 
iron  bolts,  and  the  frame  itself  was  often  instantaneously 
dcr^troyed.  In  some  of  the  engines  lately  constructed  by 
Mr.  Watt,  he  has  formed  the  great  beam  of  cast  iron,  and 
Avhile  lie  has  thus  added  to  its  durability,  he  has  at  the 
same  time  diminished  its  weight  and  increased  the  jiovixr 
of  his  engine.” 

(To  be  continued. ) 

POLITICAL  ECONOMY. 

The  followinj^  dissertation  by  Dr.  K.  Bollm  an  is  too  good  to  be 
broken  into  parts:  1  piibiisnit  therefore  together.  If  aiiy  of  niy 
l  eaders  arc  displeased  with  discussions  on  tl^is  subject.  I  am  sorry 
for  it.  I  shall  hardly  be  shaken  in  my  opinion,  that  I  can  insert 
no  subject  of  a  misccliancous  nature  so  important,  f.  C. 

VINDICATION  OF  FOREIGN  COMMERCE. 

Dear  Sir, 

Agreeable  to  your  permission,  and,  in  discharge  of  the  engage* 
nicnt  which  I  have  in  some  measure  contracted  with  your  readers, 
in  consequence  of  the  puldicity  you  were  pleased  to  give  to  my 
letter  of  the  Ibth  of  June,  I  am  going  to  communicate  to  you  a  few 
remarks  in  vindication  of  foreign  commerce.  I  shall  endeavour 
♦o  state  them,  with  as  muca  lirevity,  as  tlie  subject  will  admit  of, 
without  becoming  obscure. 

In  all  dis(|uisilions  on  topics  of  political  cconomv,  we  sliould 
ifonstantly  keep  in  mind,  as  the  standard,  by  a  reference  to  wdiich 
the  soundness  of  every  proposition,  or  maxim,  is  to  be  teateef^  the 
probable  clVects  of  such  proposition,  or  maxim,  when  put  in  prac¬ 
tice,  on  tlie  productiveuenis  of  labour. 
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The  real  tacit  aim  of  all  national  exertions,  so  fur  as  they  con¬ 
sist  in  the  sum  general  of  individual  effoits — ;  and  the  aim,  to 
which  all  measures  of  government,  with  regard  to  national  indus¬ 
try,  ought  ultimately,  and  unequivocally  to  tend,  is,  the  attain¬ 
ment  OF  THE  GREATEST  RESULTS,  AT  THH^LEAST  POSSIBLE 
EXPENCE. 

Whenever  this  point  has  been  accomplished,  a  limited  number 
of  inhabitants,  in  any  given  countrj  ,  will  exist  in  the  greatest  state 
of  prosperity,  and  wealth,  of  which,  with  their  soil,  their  moral 
and  physical  qualifications,  they  are  susceptible;  or,  the  largest 
possible  number  will  be  supported  by  the  same  country,  in  a  state- 
exempt  at  least  from  wretchedness. 

Since  misejy.  limits  p>opulation,  both  these  tests  of  the  good 
economical  organisation  of  a  country,  are,  in  fact,  the  same.  The 
goveiTiment  w’hich  should  have  caused,  either  a  truly  living,  not 
starving,  and  languishing  population,  to  attain  its  maximum— or  a 
limited  population  to  enjoy  the  greatest  share  of  afRuence— would 
have  reached  perfection  in  the  eye  of  the  political  economist.  N« 
government  can  do  more. 

If,  therefore,  the  respective  value  of  the  different  kinds  of  com¬ 
merce,  and  the  true  policy  of  governments,  with  regard  to  com¬ 
merce,  are  under  consideration,  we  must  refer  to  the  same  rule,  the 
decision  of  the  abstract  question. 

And,  with  the  abstract  question,  examined  on  theoretical 
grounds,  I  shall  occupy  myself  in  the  first  instance.  Not  from  any 
particular  predilection  for  this  mode  of  investigation,  but  from  a 
conviction,  that  we  are,  generally  speaking,  less  liable  to  err,  by 
reasoning  closely,  from  correct  principles,  than  by  appealing  at 
once  to  a  mass  of  facts,  always  difficult  to  collect  correctly ^  and 
extremely  difficult  correctly  to  understand. 

All  commerce  arisies  from  division  of  labour.  If  every  fami¬ 
ly,  by  their  own  industry,  could  provide  for  the  gratification  of  all 
their  wants,  there  would  be  no  need  for  exchanges.  Nothing 
would  be  sold,  or  bought.  But  experience  has  taught  mankind 
that  their  condition  improves  by  their  working  for  each  other. 
The  greatest  degree  of  civilization,  and  prosperity,  imfiliea  mutual 
dejiendcnce.  The  individual  who  should  attempt  to  realize  a  strict 
independence,  would  soon,  like  his  prototype  of  old,  become  dirty, 
sulky,  churlish,  gross.  The  pcrfcctability  of  human  nature  is  on¬ 
ly  developed  in  the  social  state  ;  and  from  this  first  glance  of  the 
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subject,  we  are  already  led  to  presume  that  a  nation,  when  trying 
to  withdraw  from  the  great  society  of  nations,  and  to  suffice  to  her¬ 
self,  assumes  a  situation,  probably  not  the  most  favourable  for  the 
attainment  of  either,  civilization,  or  prosperity. 

In  order  to  reason  with  accuracy,  we  should  distinguish  in 
Commodities  four  descriptions  of  value. 

The  intrinsic,  or  philosophic  value,  which  is  detcnnined  by 
usefulness.  In  this  respect  iron  and  grain  are  commodities  of  in¬ 
finite  value.  The  diamond  would  be  destitute  of  any,  if  it  did  not 
cut  glass. 

The  Labour‘value^\yh\ch  is  derived  from  the  quantum  of 
work  required,  to  bring  a  commodity  into  existence.  Some  high¬ 
ly  finished  productions  of  the  arts  exceed  in  this  species  of  value 
all  others,  though  their  market  price  is  often  very  low.  The  ce¬ 
lebrated  Portland-vasc,  according  to  the  opinion  of  Wedgewoocl, 
must  have  consumed  the  unabated  industiy  of  a  whole  life,  and  per¬ 
haps  of  more  lives  than  one.* 

The  commerciaUvalue — which  is  the  value  of  a  commodity  in 
exchange,  for  the  circulating  medium  of  commerce.  This  value 
should  be  always  understood,  when  value  is  simply  mentioned.  It 
may  be  considered  as  the  only  practical  value  ;  and  it  is  solely  re¬ 
gulated  by  the  supply  and  demand  in  the  market,  as  well  of  the 
commodity  exchanged,  as  of  the  circulating  medium,  by  means  of 
which  the  exchange  is  effected. 

Commodities  finally  have  a  fourth  description  of  value,  which 
has  not,  to  my  knowledge,  been  distinctly  noticed  by  any  of  the 
writers  on  political  economy,  and  which,  yet  is  of  importance.  I 
mean  their  relative  value,  with  regard  to  those  who  actually  have, 
or  seek  possession.  It  depends  entirely  on  their  habits,  circum^ 
stances,  and  feelings.  Of  course  it  varies  ad  infinitum. 

The  great,  and  constantly  changing  difference  in  the  relative 
value  of  commodities  is  the  cause,  and  the  very  simple  cause,  of 
all  existing  commerce,  to  account  for  which,  the  luminaries  of  our 
science  have  singularly  ransacked  their  brains;  some,  like  Adam 
Smith,!  seeking  for  its  origin  in  a  peculiar  propensity  of  man¬ 
kind  to  truck,  and  barter ;  in  a  sort  of  commercial  instinct  ; 
others,  in  certain  prevailing  vices  of  the  mind. 

*  Darwin's  Botanic  Garden.  Part  I.  Canto  II.  Note  xxil. 
f  Wealth  of  Nations.  Vol.  1.  Book  T.  Chap.  % 
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All  that  lives  Is  stimulated  by  one  universal  passion— the  de¬ 
sire  to  experience,  to  multiply,  and  to  prolong,  agreeable  sensa¬ 
tions.  Man  in  particular,  constantly  seeks  to  improve  his  condi¬ 
tion.  This  passion  accounts  for  the  existence  of  commerce,  as  for 
the  existence  of  every  other  social  phenomenon,  whether  beneficial, 
or  destructive. 

The  commercial  value  of  a  commodity  may  be  considered  as' 
Jixed^  at  every  given  place,  and  period.  Every  article,  if  it  sell  at 
all,  has  its  price.  But  tlie  differences  of  relative  value  are  end- 
leas. 

If  the  price  of  a  good  watch,  for  instance,  be  a  hundred  dollars, 
and  I  purchase  one  for  that  price,  it  is  obvious  that  I  attach  my¬ 
self  a  greater  importance  to  the  possession  of  the  watch,  and  the 
seller  to  that  of  the  money ;  otherwise  the  transaction  would  not 
take  place.  On  the  other  hand,  it  must  take  place,  as  soon  as  wc 
meet,  and  come  to  a  mutual  explanation,  since  he  feels  less  anxi¬ 
ous  to  retain  the  watch,  which  I  covet,  than  to  become  tiie  owner 
of  my  hundred  dollars,  vvliich  I  am  willing  to  part  with. 

A  man,  returning  from  a  long  journey,  and  wishing  to  enjoy 
I’cpose  at  home,  may  no  longer  have  occasion  for  his  horse.  His 
neighbour,  perhaps,  is  just  preparing  for  a  journey,  and  tries  to 
find  a  horse,  on  which  he  can  depend.  If  both  happen  to  see 
each  other,  and  discover  how  they  stand  mutually  affected,  the 
one  will  necessarily  part  with  his  horse,  the  other  with  his  money, 
without  either  being  impelled  by  any  peculiar  trading  instinct ; 
and  both  will  be  the  better  for  having  done  so. 

The  difference  of  the  relative  value  of  commodities,  therefore, 
or,  in  other  words,  the  different  degrees  of  consequence,  attach¬ 
ed  by  various  individuals  to  their  possession,  is  the  prompter  to  all 
commercial  intercourse.  The  thing  acquired,  is  always  prefer¬ 
red  by  the  receiver,  to  the  thing  parted  with  in  exchange  ;  and 
both  parties  to  the  transaction  generally  arc  gainers. 

It  is  further  obvious,  that  the  amount  of  their  respective  gains, 
is  in  exact  proportion  to  the  degree  of  difference  in  the  relative 
value  of  the  things  exchanged. 

To  a  manufacturer,  the  relative  value  of  the  commodities  he 
brings  to  market,  is  simply  equal  to  the  expence  incurred  for  pro¬ 
curing  the  raw  material,  the  quantum  of  labour  bestowed  on  it, 
and  the  interest  of  the  capital  employed.  These  items  make  up 
what  the  articles  cost  him  ;  and  as  he  made  them  for  sale,  no  par¬ 
ticular  importance  can  be  attached,  by  him,  to  their  possession.  If 
their  relative  value  with  the  consumers  is  vciy  great,  he  will,  of 
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course, be  able  to  obtain  for  them  an  excellent  price.  The  bettei: 
the  price,  which  he  is  able  to  obtain,  the  greater  will  be  his  ad¬ 
vantage.  For  either,  less  labour  will  be  sufficient  to  provide  for 
his  wants,  if  these  be  circumscribed ;  or,  the  unabated,  usual  ex¬ 
ertions,  will  the  more  surely,  and  rapidly,  procure  him  wealth. 

Thus  we  sec,  that  the  profits  of  mercantile  transactions  arise 
from  the  difference  of  the  relative  value  of  the  commodities  ex¬ 


changed  ;  among  which  we  must  not  forget  to  include  the  circulat¬ 
ing  medium  itself. 

Whoever,  therefore,  produces  any  commodity,  or  causes  it  to 
be  produced  by  the  labour  of  others,  or  acquires  the  products  of 
labour  for  money,  with  a  view  to  disi>ose  of  them  again,  must  be 
anxious  to  exchange  them  with  those,  with  whom  their  relative 
value  is  the  highest.  The  better  he  succeeds  in  this,  the  more 
will  his  exertions,  generally  speaking,  be  beneficial  to  himself, 
and  to  the  state. 


]  We  have  now  to  ask,  in  what  situation  the  differences  of  rela- 

I  live  value  arc  likely  to  be  greatest,— Whether  when  the  members 

i  of  a  community  trade  only  among  themselves,  or,  when  they  ex- 

»  change  their  productions  with  foreign  nations  ? 

But,  diversity  of  relative  value,  arises  from  diversity  of  taste, 
habits,  talents,  skill;  from  i>€culiarities  of  the  soil  occupied  ;  from 
conveniences  of  locality  ;  from  the  nature,  and  quantity,  of  sponta¬ 
neous  productions  at  hand  ;  from  the  difference  of  climate,  of  go¬ 
vernment,  of  the  state  of  civilization,  Sec.  Sec. — These  must  exhibit 
Stronger  contrasts  between  distant  nations,  than  between  individu¬ 
als  of  the  same  political  family.  Therefore  foreign  commerce.^ 
considered  abstractly,  that  is,  barely  in  reference  to  gain,  musty  un¬ 
questionably  y  he.  more^  heneHcial  than  domestic  commerce, 

I  shall  shew  more  fully  in  what  the  advantages  of  foreign  com¬ 
merce  consist;  and  what  a  country  sacrifices  by  relinquish¬ 

ing,  or  neglecting,  the  intercourse  with  distant  nations.! 

•  Patterns  and  commodities,  are  more  frequently  new,  abroad,  than  at  home, 
and  novelty  always  indi»ces  an  increased  relate  value  ;  but  noi’elty  in  com¬ 
merce  is  momentary  only ;  and  accidental :  for  so  soon  as  a  new  article  is 
found  to  fetch  an  extraordinary  price,  the  market  becomes  always  "stocked, 
generally  glutted  with  it.  Foreign  commerce  therefore,  reasoning  in  the  ab¬ 
stract,  has  no  permanent  beneficial  qualification  over  home  trade.  When  we 
1  recur  to  matter  of  fact,  the  arguincnl  fads  at  once  to  the  ground  :  for  when- 
ever  foreign  beebmes  sensibly  more  beneficial  than  home  trade,  it  draws  to 
j  itself  capital,  that  brings  on  the  usual  level.  T.  C. 

•  !  The  question  is  not,  whetlier  foreigtt  commerce  ought  to  be  relincpiishod 
or  neglected,  but  whether  the  citizens  who  pursue  it,  have  a  right  to  nroteC' 
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Foreign  commerce  is  beneficial 

I.  Because  it  brings  into  ofieration  the  advantages  which  may 
be  derived  from  the  different  value  of  the  precious  metalsy  in  differ- 
^nt  countries. 

The  precious  metals,  now  the  general  medium  of  circulation 
in  the  civilized  world,  may  be  considered,  as  possessing  a  fixed  va¬ 
lue,  in  the  same  country^  at  the  same  period^  which  is  solely  regu¬ 
lated  by  the  proportion  of  their  supply,  to  the  exigencies  of  the 
public.  But  their  value  is  by  no  means  the  same  in  all  countries. 
In  one,  money  may  be  scarce,  while  it  abounds  in  another.  The 
home-value  of  money,  at  each  time,  is  settled ;  its  relative  national 
value.,  at  the  same  time,  is  various.  This  is  one  cause  of  the  dif¬ 
ference  of  prices  of  commoclities  in  different  countries  ;  a  differ¬ 
ence  giving  birth  to  favourable  exchanges,*  renouncing  the  be¬ 
nefits  of  which  will  be  lost  to  a  nation  renouncing  foreign  trade 

The  precious  metals  abound  in  Mexico,  whilst  our  manufactu¬ 
rers,  and  mechanics,  excell  in  skill  and  knowledge,  those  of  that 
country.  Even  our  flour,  so  readily  transported,  is  more  within 
reach  of  the  people  at  Vera  Cruz,  than  their  own,  which  descends 
to  them,  on  the  back  of  mules,  from  the  plains  producing  it,  six 
thousand  feet  above  their  level,  t  Our  cabinet  ware,  our  saddlery, 
-our  flour,  and  many  other  commodities,  might,  of  course  be  favour¬ 
ably  exchanged  for  silver  at  that  place.  With  this  silver  we  might 
procure  East  India  muslins,  teas,  nankeens,  and  china — very  de- 

lion  at  great  distances  from  the  national  territory— at  an  expence  which  no 
reasonable  calculation  of  commercial  gain  can  ever  repay — and  at  the  perpetu¬ 
al  hazard  of  war,  induced  by  commercial  monopoly,  commercial  jealousy,  and 
commercial  fraud.  Especially,  as  these  have  notoriously  proved  during  a  cen¬ 
tury  and  a  half,  the  most  sure  and  productive  causes  of  modern  warfare.  It 
is  not  pretended  by  any  pei*son  whatever,  so  far  as  I  know,’  that  foreign  com¬ 
merce  should  be  either  abandoned  or  neglected,  while  it  can  be  safely,  and 
productively  pursued — without  involving  the  consumers  at  home,  in  the  ex¬ 
pence  and  deprivation  attendant  upon  commercial  hostilities,  to  protect  the 
speculation,  and  ensure  the  profits  of  the  merchants  abroad.  T.  C. 

*  The  commerce  depend in^upon  fluctuations  in  tlw:  value  of  bullion  in  Eu¬ 
rope  C even  since  the  depreciation  of  paper  currency  in  England)  is  so  trifling 
as  to  be  perfectly  insignificant  in  a  national  point  of  view.  The  course  of  ex¬ 
change  depends,  not  on  the  relative  values  of  bullion,  which  influence  it  but 
in  a  slight  degree ;  it  depends  on  the  right  of  one  nation  to  draw  on  another 
for  the  balance  of  mercantile  transactions.  T.  C. 

f  Alexander  de  Humbold,  Political  Essay,  on  the  kingdom  of  New  Spain. 
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$irablc  commodities,  the  enjoyment  of  which  we  must  forego,*  if 
we  stay  at  home. 

2.  Because  it  brings  into  full^  and  extensive  operation,  produc¬ 
tive  of  wealth — all  the  advantages  peculiar  to  a  country^  physical^ 
as  well  as  intellectual  and  moral. 

Without  foreign  trade,  every  natural,  or  attained  advantage  of 
a  country,  however  great,  or  peculiar,  is  only  improvable  commen* 
surately  witli  the  consuming  capacity  of  its  inhabitants. 

If  Pennsylvania,  for  instance,  contained  an  abundance  of  clay, 
flint,  and  other  materials  for  pottery,  superior  in  quality  to  any  o- 
thcr  in  the  world,  the  Pennsylvania  pottery  would  not,  on  that  ac¬ 
count,  if  never  exi)orted,  command  any  extraordinary  price  at 
home.  Nothing  can  procure  an  advantage  in  exchange  that  is 
common  to  all.  From  the  supposed  abundance  of  the  good  mate¬ 
rial,  and  the  necessary  eflects  of  competition,  the  pottery  would  be 
brought  to  market  at  the  lowest  price,  at  which  it  could  be  aflbrded, 
so  as  to  yield  a  living  to  those  engaged  in  the  business.  But,  if 
the  sales  of  Pennsylvania  pottery,  from  the  preference  given  to 
the  ware,  extended  to  all  the  civilized  portions  of  the  earth,  it  might 
so  happen  that  tlic  supply  could  not  keep  pace,  w  ith  a  demand  so 
vast,  which  would  cause  an  increase  of  price,  and  a  greater  propor¬ 
tionate  gain.f  Or,  if  the  supply  kept  pace  with  the  demand,  and 
the  prices  remained  unaltered — still  thousands  of  potters  wotild 
owe  a  comfortable  subsistence  to  the  clay,  instead  of  a  few  hundred 
only,  whom  the  business  at  most  could  have  supported  without 
exportation. 

Nor  would  other  trades  be  deserted,  on  account  of  the  great 

•  Not  at  all :  the  nations  who  have  them,  will  bring  them  to  us,  if  we  have 
wherewithal  to  pay  for  them.  Are  not  we  ourselves  so  anxious  to  export  these 
articles,  that  our  merchants  complain  incessantly  of  Great  Britain  who  will 
not  permit  us  to  sell  them  in  the  West  Indies  for  Rum  and  Sugar,  in  Holland 
for  Gin,  in  Italy  for  Anchovies  and  Olives,  and  so  on  ?  T.  C. 

f  All  these  supposed  advantages  of  foreign  commerce,  proceed  upon  the 
supposition,  not  of  reasonable,  hut  unreasonable  gain  :  a  circumstance  that  al¬ 
ways  and  inevitably,  works  its  own  destruction.  Or,  of  an  over-populated 
country,  that  calls  for  every  possible  exertion  and  every  source  of  employment 
to  keep  its  inhabitants  from  starving.  This  may  be  the  case  in  England,  but 
cannot  be  so  here  for  a  long  time  to  come.  Nor  is  it  true,  that  what  is  com¬ 
mon  to  all,  can  procure  no  advantage  in  exchange.  Labour  judiciously  and 
industriously  liostowed,  can  give  exchangeable  value  to  any  material  however 
common,  in  the  home  as  well  as  in  the  foreign  trade.  Connecticut  can  sell  her 
tubs,  her  onions,  her  coflins,  even  in  tlie  United  States :  so  can  Rho<ie  Island 
licr  straw  bonnets,  her  cotton  twist,  lier  home  made  woollen,  &c.  T.  C. 
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numbers  required  for  the  potteries.  Men  afi/iear  as  they  are  %vanc^ 
ed.  And  all  the  potter’s  needs  must  eat,  and  b«  lodged,  and  cloth¬ 
ed. 

Besides  potters,  what  a  large  number  of  other  people — carriers, 
packers,  dray-men,  brokers,  merchants,  underwriters,  sliipbuilders 
— what  a  host  of  artists,  and  tradesmen,  concerned  in  furnishing  the 
materials  for  ships,  and  in  equipping  them— all  would  more  or  less, 
derive  support  and  aUluencc  from  the  clay.*  For,  if  our  pottery, 
in  the  supposed  case,  were  exported  in  our  own  vessels,  the  fo¬ 
reign  consumer,  besides  the  labour  of  the  potters,  and  the  value  of 
the  materials,  would  have  to  pay  the  merchant’s  commission,  the 
merchant’s  profit,  small  charges,  insurance,  and  freight— which 
items  arc  included  in  the  price  the  exported  article  must  bring  a- 
broad.  If  it  did  not  bring  this  price,  the  exportation  would  dis¬ 
continue. 

Further — .in  consequence  of  all  this  industry  which  the  clay 
puts  in  motion — what  a  mass  of  additional  livers,  to  consume,  and 
give  value,  to  the  produce  of  the  farmer. 

We  have  no  such  clay  in  Pennsylvania.  But,  does  the  same 
reasoning  not  apply  to  every  article  which  we  are  in  the  habit  of 
exporting ;  to  our  flour,  to  our  pork,  to  our  flax  seed  ?  Do  they 
not  all  bring  abroad  their  cost,  and  the  enumerated  charges ! 
Does  it  not  strictly  apply  to  the  cottons,  the  tobacco,  the  tar  and 
turp4mtinc  of  the  south  ?  to  the  fish,  and  the  potash  of  the  north 

*  All  this  is  very  true  ;  but  is  there  no  metbrnl  of  employing  the  same  num¬ 
ber  of  people  and  the  same  cpiantity  of  capital  in  the  liome  trade  T  The  case 
put,  of  a  Potter,  is  a  very  unfortunate  one  ;  for  so  far  from  wanting  an  export 
trade  for  our  pottery,  we  do  not  supply  the  1030th  part  of  our  own  ca>jisump- 
tion  in  pottery,  excejjt  of  the  very  coarsest  and  least  valuable  kind.  When 
the  time  shall  arrive,  if  it  ever  do,  that  n<i  employment  for  our  people  or  oiir 
capit.d  remains  at  home,  then  it  may  be  worth  discussion  whether  we  may  not 
as  well  encourage  employment  from  ahn)ad  by  direct  means,  and  at  any  ha¬ 
zard.  At  that  period  of  time,  and  not  siXiner,  will  the  argument  in  favour  of 
the  direct  encouragement  of  foreign  con>merce  really  become  a  subject  of  im¬ 
portant  disctission.  T.  C. 

I  I  see  no  dilficulty  in  manufacturing  a  great  part  of  our  flax  seed  into  li¬ 
nen— of  our  cotton  into  cloathing,  and  carjuits,  and  sail  cloth,  and  bagging— 
our  potash  into  soap  and  glass,  an<l  employ  it  in  bleaching  and  dying.  If  we 
did  so,  our  flour  and  oiir  pf)rk  w'onld  not  spoil  upon  our  hands.  But  in  this, 
as  in  all  other  particulars,  the  question  is,  can  you  manufacture  it,  or  export 
it,  to  the  greatest  adv.antage  ?  If  you  can  export  it  to  more  advantage,  do  so  ; 
l>ut  do  not  tax  us,  tljc  consumers,  wlt!»  tlie  expence  and  inconvenience  of  a  war 
to  defend  your  gains  in  the  export  trade,  w'hcn  no  suclt  exintncc  or  incoaveni- 
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—We  had  always  plenty  to  eat.  If  all  the  cotton  and  tobacco 
lands  are  turned  into  wheat  fields,  the  flour  must  necessarily  spoil 
on  our  hands.  Nor  could  m’c  possibly  manufacture  up  all  the 
cottons,  which  we  exported,  to  the  amount  of  nine  millions  of 
dollars  per  annum,  were  they  within  our  reach  ;  nor  chew  and 
smoke  all  the  tobacco,  cook  all  the  fish,  turn  all  our  potash  into 
soap  and  glass,  or  find  possibly  any  use  whatever  for  the  tar,  and 
turpentine  of  our  forests. 

Let  it  not  be  imagined  that  we  loose  nothing,  because  we  do 
not  yet  seem  to  suffer.  We  slowly  consume  our  past  accumula¬ 
tions,  while  we  thiow  on  posterity  the  cost  of  our  folly.  To  stop 
in  the  career  of  prosperity,  is  to  retrograde :  and  a  corrected  poli¬ 
cy,  with  redoubled  exertions,  will,  for  a  long  time,  strive  in  vain, 
to  attain  that  eminence  of  national  wealth  and  power,  which,  but 
for  our  want  of  wisdom,  we  might  have  occupied. 

There  arc  many  productions  with  us,  as  in  most  other  coun¬ 
tries,  which,  where  they  grow,  or  are  found,  have  little  or  no  va¬ 
lue,  but  wliich  may  be  exchanged  to  great  advantage  abroad. — 
No  body  here  uses  ginseng,  but  it  commands  in  China  commodi¬ 
ties,  the  possession  of  which  is  desirable.  Our  oak-bark  is  of 
little  use  to  us,  and  could  hardly  be  consumed  even  if  all  the  na¬ 
tion  were  to  dress  in  yellow*  ;  in  England  it  was  exchangeable 
for  objects  we  want.  Tiie  trimmings  of  our  sheet-iron  accumu¬ 
late  in  large  heaps  round  our  roliing-mills  ;  the  Chinese  gave 
us  silks  for  them.  The  leeches  of  the  ponds  round  our  city — to 
the  amount  of  15  to  20,UU0  per  annum,  were  exported  to  the 
West  Indies,  and  made  several  thousand  dollars  circulate  in  this 
neighbourhood.  How  is  the  community  to  be  indemnified  for 
their  loss,  unless  indeed  you  were  to  imagine  that  they  ought 
to  be  let  loose  on  the  redundant  blood  of  our  own  citizens,  to 

cnce  need  be  inclin  ed  by  or  on  account  of  any  citizen  employed  in  the  home 
trade.  Go  abroad  :  at  your  own  rhk  :  if  the  profits  will  pay  the  insurance, 
goon:  if  not,  tniploy  yourself  and  your  eapital  at  home.  'I'lierc  arc  manu- 
laclures  to  establish  without  number  ;  a  pipulation  to  be  supplied  incessantly 
calling  for  your  articles ;  lands  to  cuitivtile  without  limits  ;  employment  for 
money  and  for  people,  that  ccniuries  will  not  satisfy.  T.  (j. 

•  It  is  granted,  that  the  nation  gains  by  exjKirling  articles  that  yield  a  pro¬ 
fit  abroad  and  none  at  home.  Hut  lei  us  not  set  up  a  man  of  straw,  and  exult 
in  the  victor}' of  demolishing  him.  The  question  is  not,  shall  we  export  use¬ 
less  .articles,  or  keep  them  at  home  to  sptiil  and  waste — the  question  is,  do  we 
pay  too  much  or  not,  for  the  profit  tiiey  bring  ?  Under  what  circumstances 
and  conditioits  can  the  export  be  Jn-ud>intly  nude  ?  C. 
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;inake  them  eat  more,  to  replace  the  waste,  and  thus  to  stimulate  • 
agricultural  iridustiy  by  an  increased  demand  for  food  ! 

There  have  been  exported  from  new  Spain  upwards  of  two 
thousand  millions  of  silver  dollars,  since  the  first  discoveiy  of 
that  country,  and  agriculture  flourishes  most  in  the  vicinity  of  the 
mines.* * * §  Of  what  use  to  the  people  would  have  been  all  this  me¬ 
tallic  treasure  if  not  exported  ? — Cochenillc,  Jesuits-bark,  Vanil¬ 
la,  the  most  valuable  spices,  arc  the  spontaneous  productions  of 
llie  countries  whence  wc  receive  them.  A  considerable  com¬ 
merce  is  carried  on  in  Swallow  nests  from  Cochin  China, to  Chi- 
na.t 

If  some  nation  had  as  great  a  fancy  for  dried  oak  leaves  as 
we  have  for  tea,|  and  would  give  us  commodities,  on  which 
we  set  value,  in  return  for  them — will  any  one  be  so  mad  as  to 
lay,  that  we  should  gain  nothing  by  their  sale  abroad  ?  Would  not 
millions  of  people  derive  support  and  comfort  from  gathering, 
and  preparing  them  for  the  market  ?  The  country  thickly  settled, 
and  other  things  remaining  unchanged,  must  they  not  starve,  and 
perish,  if  their  exportation  were  to  cease  ?§ 

*  Alexander  de  Ilumbold,  in  the  work  raentloncd  before, 
f  Barrow’s  Travels  to  China. 

♦  Do  the  Chinese  need  a  foreign  trade  of  merchant  ships  protected  by  ships 
^f  war,  to  sell  their  tea  ?  Can  any  example  be  more  in  point,  to  she w^  that  if 
you  possess  commodities  of  value  to  give  in  exchange,  the  merchants  of 
other  countries  will  let  you  want  for  nothing  ?  Still  I  am  no  advocate  for  imi¬ 

tating  the  Chinese.  Shew  me  that  ymir  forcigpi  trade,  yields  a  reasonable 
profit,  after  all  the  expences  of  the  merchant  are  paid,  and  all  the  expences  of 
the  nation  are  paid,  and  then  I  agree,  it  is  well  worth  pursuing.  If  a  merchant 
gain  20  per  cent,  on  his  capital,  and  a  farmer  gain  20  per  cent,  on  his  capital, 
the  consumer  not  only  pays  the  mercantile  profit  of  20  per  cent,  hut  for  the 
most  part  of  50  per  cent,  more  to  protect  the  merchant’s  speculation.  T.  C. 

§  I  hardly  know  how  to  suggest  a  stronger  argument  against  the  encourage- 
ment  of  foreign  commerce  than  this  suggestion  of  Dr.  Bollman,  in  favour  of 
it.  If  manufacturers  at  home  arc  made  absolutely  dependant  for  sulraistence, 
on  customers  abroad,  whom  accident,  caprice,  poverty,  competition,  war,  may 
strike  ofT— -then  shall  we  frequently  behold,  as  of  late  years  in  England,  fa¬ 
mine  pervading  the  land,  and  thinning  the  ranks  of  that  cla.ss  of  the  commu¬ 
nity,  who  might  be  made  the  main  strength  of  the  natioru  In  Great  Britain, 
within  these  six  years,  at  least  half  a  million  of  wretched  manufacturers  would 
have  starved,  if  war  had  not  invited  them  to  the  wretched  alternative  she 
Imlds  out.  The  war  itself,  in  which  that  nation  has  been  involved,  has  not 
produced  altogether  so  much  evil  in  other  respects,  as  in  making  the  poor  ma- 
munufactiirers  feel  so  cruelly,  U»e  lot  of  those  whose  bread  depends  upon  fo¬ 
reign  trade.  T.  C. 
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If  all  the  West-India  islands  belonged  to  one  sovereign,  and' 
he  should,  miraculously,  happen  to  be  a  wise  man — can  it  be  for 
one  moment  conceived  that  he  would  attempt  to  increase  his  pow¬ 
er,  and  promote  the  prosperity,  and  wealth  of  his  subjects  by  cau¬ 
sing  them  to  raise  sugar,  coffee,  and  the  other  productions,  pecu¬ 
liar  to  those  climates,  only  in  sufficient  quantity  for  their  own 
consumption,  and  to  procure  sparingly,  imperfectly,  at  a  vast  ex¬ 
pence  of  labour  and  time,  or  totally  to  forego  those  enjoyments, 
and  that  wealth,  which  attention  to  the  productions  most  favoured 
by  their  tropical  situation,  and  their  unrestmined  exportation 
would  procure  to  them  in  abundance,  and  with  case  ?* 

The  condition  of  Fi’ance  cannot  be  thought  to  have  improved, 
because  she  is  obliged,  in  compliance  with  Napoleon’s  mandates, 
to  extort  from  a  crop  of  live  acres  cultivated  in  beets,  as  much  in¬ 
different  sugar  as  the  wheat  of  one  acre  would  procure  from  a- 
broad  of  an  excellent  quality.f 

We  have  hardly,  in  our  wealthy  country,  a  sufficient  quantity 
of  rags  to  supply  us  with  paper.  But  Italy  could  not  consume  the 
paper  which  her  inexhaustible  rags,  were  she  to  work  them  up 
herself,  would  bring  into  existence.  She  exchanges  them  for 
West-India  produce  and  hard  ware.  Slie  does  the  same  with  the 
alum,  the  sulphur,  the  puzzolana:|  of  her  burning  mountains. 


All  my  readers  probably  know,  that  the  current  of  opinion  among  the  lite¬ 
rati  of  England,  and  especially  of  the  reviewers,  such  as  the  Edinburgh,  and 
tlie  Monthly,  is  opposeil  to  the  prevailing  madness  for  foreign  commerce.  The 
Edinburgh  Review  moreover,  conducted  with  mucli  ability,  is  generally  in 
opposition  to  the  present  politics  of  the  British  government.  'I’o  counteract 
the  effect  of  the  disquisitions  in  that  review,  the  Quarterly  Review  was  set  on 
foot,  as  a  general  defence  of  the  meaHurcs  of  government  in  church  and  state. 
Yet  even  the  Quarterly  Review,  is  struck  with  the  manifold  raiser}'^  of  wiiicha 
depcndance  on  foreign  commerce  is  at  one  time  or  other  the  inevitable  cause. 

I  will  put  in  a  noie  to  the  end  of  this  paper,  the  extract  to  which  I  allude. 

*  No.  1  am  a  fixt  advocate  for  raising  every  thing  tliat  can  be  sold  or  bar¬ 
tered  w’ith  profit.  1  greatly  approve  of  unrestrained  exportation.  Let  the 
merchant  carry  what  he  pleases,  wiiere  he  pleases,  at  his  orm  risk.  If  his 
trade  be  hazardous,  it  is  his  own  affair  :  it  is  his  duty  to  sit  down  and  count 
the  cost :  he  has  no  claim  upon  the  nation  to  take  tlie  hazard  upon  itself. 

T.  C. 

f  But  sugar  sells  in  France  for  15  sous.  The  dollar  passes  for  108  sous. 
Tl»at  is  about  7lbs.  for  a  dollar.  T.  C. 

t  The  Puzzolana  or  Terras,  is  hardly  now  an  article  of  export :  its  use  is  su¬ 
perceded  by  the  admixture  of  Smithy-slack  and  the  cheap  oxyds  of  iron  with 
mortar,  T.  C. 

Vol.  Ih 
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Shall  those,  who  are  thus  supported,  be  abandoned  to  misery,  that 
the  anticommercial  system  may  flourish  ? 

The  agriculture  of  Sweden  is  inadequate  to  the  maintain- 
ance  of  her  people  ; — sliall  part  of  them  be  driven  ofl*,  because 
they  cannot  learn  to  digest  copper  and  iron  ? — must  the  island  of 
Madeira  be  evacuated,  because  no  longer  permitted  to  send  abroad 
her  forty  thousand  pipes  of  wine  ? — must  Geneva  become  a  vil¬ 
lage,  because  no  longer  allowed  to  supply  the  world  with  watch¬ 
es  ?* 

Due  efforts  will  be  attended  with  the  greatest  success,  when 
bestowed  on  that  branch  of  industi’y  for  which  the  country  from  its 
physical  condition  is  best  calculated.  The  more  this  can  be  ex¬ 
clusively  followed,  the  greater  will  be  the  wealth  acquired.  It 
must  therefore  be  the  interest  of  every  nation  to  extend  the  mark¬ 
ets  for  her  staple  commodity  to  the  most  distant  regions. 

In  the  same  manner,  intellectual  and  moral  acquirements  will 
become  productive  of  greater  national  benefits,  when  displayed 
on  the  theatre  of  the  world,  than  confined  to  the  narrow  sphere  of 
domestic  concerns.  The  probity  and  fairness  in  dealing,  for  which 
it  is  said,  that  British  manufacturers  are  distinguished,  promises 
to  them  no  exclusive  advantage  at  home,  but  insures  a  preference 
among  foreign  customers.  Confidence  abroad,  and  the  command 
of  foreign  funds,  arc  happy  results  of  an  impartial  execution  of  the 
laws.  Public  faith  makes  public  credit  an  exportable  commodity ; 
and  insures  to  younger  nations,  a  participation  of  the  benefits  ari¬ 
sing  from  the  large  capitals  of  the  old.  Banking  is  not  less  lu¬ 
crative  and  eligible  when  transacted  among  nations,  than  as  a  bu¬ 
siness  among  individuals. — Skill,  credit,  character,  ingenuity,  ac¬ 
tivity,  prudence,  which  lead  to  fortune  in  private  pursuits,  must 
yield  still  greater  results  wlien  nationally  pre-eminent  in  extensive 
commercial  concenis.  Correct,  :jkI  minute  information  of  the 
wants  of  mankind  in  every  spot,  is  of  itself,  a  most  powerful  engine 
of  wealth,  but  it  can  neither  be  acquired,  nor  rendered  valuable, 
without  a  foreign  trade. 


*  It  Is  a  great  misfortune  when  the  existence  of  a  people  depends  upon  the 
sale  of  articles,  which  tlieircustonters  can  dispense  with  whenever  they  please 
and  without  inconvenience ;  and  In  which,  otlicr  nations  may  so  easily  become 
competitors.  This  I  have  already  averted  to.  1'.  C. 
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o.  Th'm  trade  ia  beneficial  becauae  it  contributea  jnateriallij  to 
carry  the  division  of  labour^  and  the  introduction  of  labour •sufijilij- 
ing  machinery  to  their  greatest  extent.* 

The  object  of  uU  labour  being  the  gaining  of  a  subsistence,  it 
cannot  be  cxpecteil  that  any  man  should  devote  himself,  exclu*- 
sively,  to  any  particular  branch  of  industry,  unless  the  demand  for 
the  article  produced,  or  raised,  be  sullicicnt  to  insure  him  a  remu¬ 
neration  adequate  to  !hs  exertions. 

In  an  isolated  settlement,  consisting  of  eight  or  ten  families, 
no  one  could  be  a  miller,  because  the  trilling  demand  for  flour 
could  not  airord  him  employinent,  and  support.  For  the  same 
reason  such  a  settlement  could  not  support  a  shoemaker.  The 
man  who  should  grind  the  grain,  or  make  the  shoes  for  his 
neighbours,  would  at  the  same  time  be  obliged  to  follow  some 
other  profession,  or  employ  part  of  his  time  in  farming.  Should 
tlie  growth  of  the  settlement  at  last  allow  a  man  to  devote  him¬ 
self  exclusively  to  the  working  in  leather,  still  he  would  be  obli¬ 
ged  to  make  men’s  shoes,  women’s  shoes,  children’s  shoes,  and 
bools.  In  a  still  more  populous  community,  all  those  subdivi¬ 
sions  of  shoemakers  would  become  distinct  branches  ;  till  finally 
some  hands  would  make  only  a  particular  description  of  men’s, 
others  of  women’s  and  children’s  shoes — even  the  binding  of  them 
would  become  a  distinct  trade,  and  it  is  at  this  period  that  the  pub¬ 
lic  generally,  would  be  supplied  with  the  best  shoes,  of  every  de¬ 
scription,  at  the  lowest  prices. 

The  same  observations  apply  to  every  other  trade,  and  pursuit. 
They  also  apply  to  the  introduction  of  machinery. 

Most  machines  perform  but  one  operation.  In  order  to  war¬ 
rant  the  investment  of  capital  in  the  construction,  or  acquisition,  of 
a  machine,  it  is  necessary  that  the  performance  of  that  operation 
should  recur  sufiiciently  often  to  enable  the  machine  to  earn  the 
interest  of  the  money  it  cost,  and  a  profit  besides. — .  \  farmer,  who 
cultivates  a  few  acres  only,  will  not  think  of  having  a  thrashing  ma¬ 
chine.— The  consumption  of  a  few  plates  of  sheet  iron,  of  a  few 
nailrods,  will  not  warrant  the  construction  of  a  rolling  and  slit¬ 
ting  mill. 

•  Not  more  from  an  encrcascd  demand  abroad,  than  from  an  encreased  de¬ 
mand  at  home,  In  point  of  fact,  the  best  finished  and  move  costly  manufac¬ 
tures — those  that  incite  chiefly  to  impmxements  in  machinery,  are  seldom  ex¬ 
ported.  The  best  woollens,  be?>t  cottons,  the  best  po'tery,  the  most  expen¬ 
sive  hardware  of  the  Urilish  market,  are  7iev€r  seen  ia  this  country,  whicliis 
Hritaiii’s  best  customer.  T.  C\ 
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The  essential  condition  of  a  great  division  of  labour,  of  the 
general  use  of  machines,  and  of  all  the  most  valuable  improve¬ 
ments  of  civilized  society,  is  enlarged  activity,  and  an  extensive 
scale  of  operation. — There  must  be  much  travelling,  and  much 
conveyance  of  property,  before  we  can  think  of  stage  coaches, 
turnpikes,  and  steam-boats.  There  must  be  a  vast  deal  of  convey¬ 
ance  of  property,  befoi*c  there  be  question  of  canals,  and  rail  roads. 
— .77/e  aggregate  industry  of  a  country  becomes  firoductive  o 
aggregate  benefits^  which  are  large^  which  are  immense^  fireciaely 
in  firofiortion  as  the  magnitude  of  the  total  exertions  admits  of  the 
performance  of  every  single  operation  in  the  larger  way. 

Would  the  industry  of  the  city,  and  county,  of  Philadelphia  be 
what  it  is,  if  no  intercourse  existed  beyond  the  county  line  ?  Would 
the  state  of  Pennsylvania  be  what  she  is,  if  no  commercial  inter¬ 
course  existed  with  the  adjoining,  and  distant  states  ?  Would  this 
trade,  now  so  beneficial  to  her,  be  less  so,  other  circumstances  re¬ 
maining  the  same,  if  the  erection  of  separate  governments  in  New 
England,  in  the  Carolinas,  or  in  Kentucky,  transformed  it,  from  a 
domestic,  into  a  foreign  trade  ?  Or  can  it  be  imagined  that  a  com¬ 
mercial  intercourse  with  the  island  of  Cuba,  admitted  to  be  benefi¬ 
cial  if  it  could  be  called  home  trade,  should  cease  to  be  so,  merely 
because  that  island  forms  no  part  of  our  political  union 

But,  if  industry,  from  the  reasons  stated,  becomes  produc¬ 
tive  of  wealth,  in  proportion  as  the  different  branches  of  it  can  be 
pursued  largely^  foreign  trade  must  be  productive  of  wealth,  be¬ 
cause  it  swells  the  number  of  consumers,  which  put  every  branch 
in  motion,  with  additional  millions,  all  over  the  world. 

4.  Foreign  trade  is  benefcial^  because  it  is  the  surest  means  of 
preventings  both  want\  and  waste. 

From  the  necessary  effects  of  competition  the  prices  of  every 
species  of  produce  of  the  growth  of  a  country,  which  has  no  fo- 

•  It  cannot  only  be  imagined,  but  demonstrated.  If  the  political  union  of 
the  United  Slates,  were  reversed,  so  that  the  commerce  between  Philadclpliia 
and  New-Orleans,  which  is  now  home  trade,  should  become  foreign  trade,  the 
value  would  be  lessened  by  the  change  of  laws,  by  political  jealousies,  politi¬ 
cal  restrictions,  and  the  chance  of  political  hostilities  induced  by  mercantile 
squabbles :  none  of  which  hazards  exist  at  present.  T.  C. 

f  How  far  it  prevents  ivantf  let  the  present  state  of  England  determine  ; 
o?»e  eighth  of  whose  population  are  now  paupers,  notwithstanding  the  wars 
which  has  fouinl  employment  for  so  many.  The  poor’s  rates  of  that  country 
amotint  to  six  millions  sterling,  and  tlie  charitable  contributions  toward  the 
BuppoVi  of  the  poor,  to  about  one  million  more.  T.  C. 
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reign  trade,  will  generally  come  down  to  their  lowest  rates — that 
is,  to  the  rates  at  which  those,  who  raise  it  are  just  compensated 
for  their  labour,  and  the  investment  of  their  capital.  As  soon  as 
the  price  of  any  species  of  produce  falls  below  this  rate,  less  of 
it  will  be  raised,  till  it  has  returned  to  the  usual  standard. 

Since,  therefore,  consumption  naturally  limits  production,  it 
is  obvious  that  want  must  take  place  whenever,  from  an  untoward 
season,  or  any  other  cause,  the  usual  crops  fall  considerably  short. 
Consequently  we  see  that  all  countries,  which  have  little  or  no  fo¬ 
reign  trade,  are  occasionally  subject  to  famine,  with  its  attending 
train  of  disease,  and  horror.  An  exporting,  agricultural  countr)', 
is  exempt  from  this  calamity.  Raising,  generally,  more  than  is 
wanted  at  home,  th^re  will,  even  in  years  of  scarcity,  still  be  enough 
for  domestic  consumption.*  Le  sufierjiu^  as  Say  expresses  it, 
eat  le  du  neceaaaire  /f 

An  exporting  manufacturing  country  has  always  extensive 
connections  ready  formed,  and,  with  the  means  of  purchasing,  ea¬ 
sily  supplies  itself  from  abroad  on  any  extraordinary  emergen¬ 
cies. 

A  country  in  which  both,  agriculture  and  manufactures,  are 
limited  by  domestic  consumption,  must  be  necessarily  within  the 
reach  of  the  calamities  mentioned  ;  and  the  more  so,  the  less  its 
territory  is  extensive,  and  the  less  are  various  its  productions,  and 
climate4 

We  have  already  seen  that  a  country,  deprived  of  foreign  trade, 
cannot  improve  to  the  utmost  the  advantages  peculiar  to  it.  But, 
leaving  any  natural  advantages  unimproved,  or  improving  them 
only  partially,  is  a  species  of  waste. 

A  further,  and  very  injurious  waste,  in  a  country,  relinquish¬ 
ing  the  benefits  of  foreign  commerce,  would  result  from  the  cir¬ 
cumstances,  that  the  refuse  of  many  descriptions  of  manufacture, 
could  be  no  longer  turned  to  account ;  nor  the  injurious  effects 
on  industry,  arising  from  the  constant  changes  in  taste,  and  fashion, 

*  Let  us  see  how  this  consists  with  matter  of  fact.  Great  Britain  is  an  int- 
porting  and  exporting  agricultural  nation.  She  gives  a  botinty  on  the  export 
of  grain.  She  has  the  most  extended  foreig^n  trade  the  world  has  ever  seen. 
France  has  none.  Yet  would  Great  Britain,  2  or  3  years  ago  been  without 
bread  to  cat,  had  not  her  enemy  France  supplied  her  with  grain  to  the  amount 
of  seven  millions  sterling.  T.  C. 
f  I.  B.  Say — Traite  D’Elconomie  politique, 
t  How  does  this  apply  to  the  United  States  of  America  ?  T.  C. 
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and  from  tlic  progress  of  improvement,  be  iv’iy  longer  siicccssful- 
lyr  corrected. 

The  coarse  woollen  cloths  of  England,  could  not  be  aflbrded 
so  cheap,  nor  made  so  good,  as  they  are  now  made,  but  for  the  em¬ 
ployment  in  that  manufacture  of  the  refuse  wool  of  tlie  superfine 
cloths.  Circumscribe  therefore  the  market  for  either,  and  both 
must  become  dearer,  or  worse.* 

Tin  shreds,  and  old  iron  hoops,  would  be  of  as  little  value  in 
England,  as  they  arc  here,  if  she  did  not  supply  with  copperas 
nearly  all  the  civilized  world.f 

The  residues  left  in  the  processes,  now  employed  for  bleaching 
and  other  purposes,  render  many  cliemical  preparations  in  Eng¬ 
land  cheap,  aiuf  cxpoitable.  Diminish  the  vent  for  these,  and 
bleaching,  and  similar  operations,  will  become  more  expensive. 

The  articles,  out  of  fashion,  or,  turned  by  new  improvements 
out  of  use,  would  become  waste  in  England,  and  involve  in  ruin 
those  who  manufactured  them,  or  bought  them  for  sale,  if  the 
world  were  not  before  her,  if  an  extensive  foreign  trade  did  not 
cause  them  to  find  a  vent,  in  regions  ivherc  different  tastes  pre¬ 
vail,  or  whicli  ai*e  regularly  somewhat  behind  hand  in  matters  of 
fashion  and  civilization. t  In  consequence  of  this  resource  she  is 
able  always  to  consume  herself,  at  moderate  prices,  what  is  new¬ 
est,  and  what  is  best.  Without  it,  all  manuficturing  operations 
must  be  carried  on  with  much  more  timidity,  and  on  a  smaller 
scale,  that  is,  with  less  profit.  Improvemeiils,  and  the  spirit  of 
exertion  would  be  checked.  The  better  article  could  not  be 
brought  forward,  till  the  worse  was  sold  off,  or  could  only  be  of¬ 
fered  at  a  price  so  high,  as  to  compensate  for  the  loss  of  the  lat¬ 
ter.  Tlie  rewards  of  industry,  and  ingenuity,  would  become  more 
precarious,  and  consumption  itself  would  diminish,  for  want  of  tlic 

•  They  are  as  much  economized  In  our  own  country,  where  all  refuse  wool¬ 
len  can  be  worked  up  into  home  made  carpets.  'I\  C. 

I  I  see  no  reason  why  we  slmuld  not  tjupply  ourselves.  It  can  be  done  to 
profit,  'r.  t/. 

^  1  can  well  remember  the  outcries  at  Ilirming-Iiam  on  account  of  the  very 
convenient  subslitiilion  of  covered  for  metal  buttons,  of  ttrings  fur  shoe  buc¬ 
kles,  and  buckles  of  the  breeches  knees,  'i'he  Prince  of  Wales  was  petitioned 
to  countenance  buckles  and  buttons ;  and  parliament  1  Ijelievc  interfered 
.against  covered  buttons.  Surely  tins  is  not  a  benefit,  but  an  evil  resulting 
from  die  .system  oi  commercial  manufacture.  T.  C.  *  * 
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stimulus  to  consumption,  now  found  in  the  constant  novelty,  or  the 
superior  excellence,  of  the  productions  offered. 

The  utmost  division  of  labour,  therefore,  unabated  activity, 
nnremitted  exertions  to  extend  improvemeijts,  enlarged  ideas, 
and  their  great  result — a  steady  progress  of  civilization — arc- 
only  compatible  with  those  prudential  considerations  that  ultimate¬ 
ly  guide  the  conduct  of  individuals,  in  a  countiw  enjoying  an  ex¬ 
tensive  foreign  trade.  In  such  a  one  alone,  that  most  useful  de¬ 
scription  of  citizens,  the  merchants,  are  able  to  take  care  that  no¬ 
thing,  any  where  of  value,  be  wasted,  and  that  every  natural 
or  artificial  advantage,  be  improved  to  the  utmost.*  The  condi¬ 
tion  of  most  of  those,  which  are  deprived  of  this  trade,  is  nearly 
stationary,  all  over  the  globe.  Hungary — witli  her  immense  na¬ 
tural  riches,  the  interior  of  Germany,  Poland,  Switzerland,  Turkey, 
the  beautiful  regions  of  Africa,  bordering  on  the  Mediterranean,  and 
China,  are  what  they  have  been  for  centuries  past,t  whilst  France, 
and  particularly  England,  seem  every  thirty  or  forty  years,  to  ex¬ 
hibit  a  new  creation;  wnllst  tlie  United  States,  to  judge  from  the 
rates  of  their  progress  since  the  revolution,  bid  fair  to  surpass,  hi 
time,  even  F/.igland  herself.  In  both  countries  an  extensive  inter¬ 
course  with  tiv;  rest  of  the  world  has  caused  every  commodity, and 
every  production,  that  could  be  spared,  or  the  use  of  which,  at 
home,  was  superceded  liy  a  better  commodity,  and  a  better  pro¬ 
duction,  to  find  a  goorl  market  abroad.  ^Vothint^  has  been  lost  / 
Gains  have  been  nurtiplied  by  combined  mercantile  operations, 
between  the  most  distant  nations.  Extensive  information  has  be¬ 
come  a  productive  cajiital.  The  rectitude  of  government,  im¬ 
partial  administration  of  justice,  and  public  credit — source  of 
wealth. I  No  individual  riches  have  been  hoarded,  as  they  ge¬ 
nerally  arc  in  badly  governed,  or  secluded  countries,  where 
fhoughts  and  people  become  trifling  end  contracted.  On  the  con- 


*  This  is  not  the  business  of  ll.c  n:erci>anl  either  In  theory  or  in  pructiee. 
It  is  the  province  of  the  mannihcuire:*,  whether  for  the  home  or  the  fircig-n 
trade.  'Phe.  merehaiU  is  a  iiicrc  fuclor;  he  finds  ont  marUcts,  :u.il  purchases 
the  goods  there  w.mtcd.  Uiit  lie  has  nothing  to  do  either  with  saving  or  im¬ 
proving  as  Dr.  H.  state-?.  T.  C. 

f  This  is  owing  to  political  errors  in  fioveinment — to  ignorance  among  the 
people — to  de.>poti.sn! — not  to  ih.e  want  of  trade.  What  trade  has  Prance  hafl 
for  these  twenty  VeSrs  past  ^  Yet  lia.s  her  power  or  litr  knowledge  diminish¬ 
ed  }  F.iighand  has  monopolized  till  a  fee  years  back,  tl.e  trade  of  the  world: 
has  her  power  permanently  encieascd  ?  Assinedly  not,  a-*  I  thii.k.  T.  C. 
t  Arc  t!!eje  pei  iVetly  consilient  with  the  hoine  trade  P  T.  (f 
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trary— the  constant  temptation  to  agreeable  consumption,  by  an 
infinite  choice  of  valuable  commodities ;  and  to  new  accumulation, 
by  an  extensive  range  for  enterprize,  have  caused  them  widely 
to  circulate,  and  to  encourage  industry  in  all  its  vast  ramifications. 

‘  '  The  preceding  considerations  appear  to  me  to  be  the  piincipal 
ones,  that  can  be  urged,  theoretically,  in  support  of  the  great  utili¬ 
ty  of  foreign  commerce,  and,  1  believe,  they  warrant  the  following 
conclusions. 

1.  Commerce  generally  is  more  henejicial^  in  proportion  as  it 
is  more  ybrc7’§*n— that  is,  the  less  resembling  each  other  in  their 
situation,  habits,  and  local  circumstances,  the  parties  art  between 
whom  it  takes  place. 

2.  ^  Foreign  commerce,  whenever  it  arises  of  its  own  accord, 
is  useful  as  a  matter  of  course. — It  is  exchange  of  commodities. 
None  are  delivered,  except  in  return  for  others,  and  each  party 
must  prefer  those  it  receives  to  those  it  gives.  The  business  could 
not  otherw’ise  be  pursued. 

3.  Foreign  commerce  is  particularly  useful  to  countries  of 
which  the  territor)' — is  small ;  the  climate— little  diversified  ; 
the  productions  and  commodities  of  which  are  few  in  number, 
and  peculiar  in  kind,  whilst  their  situation  facilitates  distant  in¬ 
tercourse. — The  more  an  empire,  like  that  of  China,  is  a  world 
in  itself,  the  less  the  want  of  foreign  commerce  is  to  be  regreted.* 

I  shall  now  proceed  to  examine  the  arguments  which,  in  your 
political  arithmetic  you  have  advanced  against  foreign  commerce, 
and  against  the  commercial  ay  stem  generally — which  must  mean, 
the  system  of  an  unrestrained  and  extensive  commercial  inter¬ 
course  between  nations,  and  nations.f 

But,  in  the  fii*st  place,  I  should  wish  to  object  to  the  idea  of 

•  This  applies  still  more  speciall)  to  the  United  States.  T.  C. 

1 1  do  not  object  to  commerce,  or  the  foreign  trade.  I  am  no  advocate  for 
restraining  it.  1  think  the  interference  of  government  to  restrain  or  to  pro¬ 
mote,  or  in  any  w.iy  to  guide  and  coiitroul  the  cftects  of  individuals  to  gain 
wealth,  is  worse  than  injudicious,  unless  under  circumstances  of  state  necessi¬ 
ty  ;  wliere  tlie  interference  is,  not  to  promote  or  protect  the  interest  of  the 
individual,  but  that  of  tiie  nation. 

But  I  think  foreign  trade  is  not  so  productive,  so  beneficial,  so  safe,  so 
peaceful,  as  tlie  home  trade.  1  think  it  does  not  pay  for  national  protection 
in  any  country.  T.  U.  -  -  - 
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my  thing  like  system— agricultural,  or  commercial-^in  political 
^economy,  and  even  to  the  very  term,  applied  in  the  manner  in 
which  it  has  been  used. 

With  regard  to  individuals  there  may  exist  a  system  of  agri-» 
culture,  of  commerce,  &c.— that  is  a  connected  Ijody  of  principles, 
and  rules,  according  to  which  the  cultivation  of  the  soil,  and  mer« 
cantile  pursuits  are  to  be  conducted.  But,  what  we  understand 
by  agricultural,  commercial,  or  manufacturing  system,  in  politi** 
cal  economy  has  no  existence,  except  with  regard  to  governments. 
According  to  the  writers  on  that  science  we  should  imagine  that 
every  government  has  to  dctennine  whether  to  adopt  the  one,  or 
the  other — whether  to  protect  agriculture,  or  manufactures,  or 
commerce.  Now  this  seems  preposterous 

1.  Because  no  country  can  be,  exclusively,  agricultural,  or 
manufacturing,  or  commercial.  Even  if  a  nation  were  settled  on 
a  rock,  and  subsisted  solely  by  commerce,  they  must  needs  have 
among  them  a  number  of  tradesmen,  and  artizans  ;  a  number  of 
men — not  merchants,  equally  entitled  to  the  care  of  government, 
and  to  protection  in  their  lawful  pursuits ;  equally  essential  to 
the  well-being  of  the  community. — Governments  would,  generally, 
be  wrong,  in  pretending  to  grant  protection,  or  encouragement,  to 
those  addicted  to  certain  pursuits  more  tlian  to  others.* 

2.  Because  whatever  doctrine  theorists  m  ght  attempt  to 
establish,  respecting  the  degrees  of  utility  of  the  various  main 
branches  of  industry — it  could,  obviously,  not  lead  to  any  general 
Lule,  to  any  exclusive  policy,  by  which  governments  ought  to  be 
guided,  since  the  callings  of  different  nations — if  I  may  use  the 
expression — like  the  callings  of  individuals,  have  been  differently 
ordained  by  nature. 

3.  Because  the  sound,  and  only  true  policy,  which  ought 
universally  to  prevail,  is  to  let  individuals  find  out,  what  course  of 
activity  is,  in  the  country  to  which  they  belong,  the  most  beneficial, 
and  afford  security,  and  grant  protection,  in  their  lawful  pursuits, 
indiscriminately  to  all.— “  laissezles  /aire**»‘As  soon  as  government 
turns  its  attention  to  one  of  the  systems  it  begins  to  err  !  Then 
why.  create  them  on  paper,  unless  it  be  for  the  pleasure,  too  fre¬ 
quently  sought  by  the  learned,  of  displaying  their  perplexing 
sagacity  ! 

•  Tills  Is  all  I  contend  for.  Let  the  merchant,  the  m.mufactur^r,  the  far- 
mcp,  each  carry  fils  goods  to  Tmrrkct  at  his  own  rijk.  'I'. 

Voi.  n.'  s 
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A  more  singular,  and  I  might  almost  say,  a  more  improper 
discussion,  could  hardly  have  arisen,  than  that  concerning  the 
respective  usefulness  of  agriculture,  manufactures,  and  commerce, 
in  a  national  point  of  view.-— We  do  not  agrec^  whether  it  be  better 
to  be  a  joiner,  or  a  black*smith  \  a  farmer,  or  a  weaver  ?  and  is  it 
not  the  same  with  nations  as  with  individuals  ?  All  depends  on 
their  respective  situation  and  faculties.  Nor  can  it  be  imagined 
that  one  branch  of  industry  should  be  incompatible  with  the  other. 
The  tradesman,  who  buys  his  grain,  and  his  meat,  does  not  on 
that  account,  preclude  himself  from  cultivating  a  g^den.  The 
farmer,  who  has  his  linen  made  at  home,  does  not  therefore  scru¬ 
ple  to  buy  his  cloth,  and  his  hardware.  Few  pursue  solely  w'hat 
tliey  find  it  convenient,  and  useful,  to  pursue  principally.  We 
arc  called  an  agricultural,  and  commercial  nation,  yet,  we  have 
been,  for  some  time  past,  in  the  habit  of  manufacturing  a  consider¬ 
able  propoition,  perhaps  nearly  the  half,  of  the  several  commodi¬ 
ties  we  consume. 

Whenever  a  considerable  number  devote  themselves  to  one 
branch  of  industry  in  preference,  as  their  main  occupation,  we  ma} 
take  it  for  granted  that  they  have  found  it  to  be  the  most  expedi¬ 
tious  means  of  procuring  an  honourable  subsistence  ;  and  that  they 
cannot  be  disturbed  without  injury  to  the  state. 

There  should,  therefore,  in  my  opiiuon,  be  no  question  of  sys¬ 
tems.  But,  since  they  have  been  brought  into  discussion,  let  us 
see  why  you  ai'c  so  averse  to  tliat  of  foreign  commerce.  The  en¬ 
quiry  will  throw  a  further,  and  important  light  on  the  subject. 


«  Cafiitaly  you  say,  with  Adam  Smith,  emfiloyed  in  the  home 
‘‘  trade^  U  more  beneficial  to  the  country  than  that  emfiloyed  in 
the  foreign  trade^  or  the  carrying  trade,** 

The  inference  is— that  therefore  the  home  trade  ought  to  be 
pursued,  the  foreign,  and  carrying  trade  relinquished.’* 

•  The  position  rs  only  conditionally^  not  absolutely  true.  If  twci 
adventurers  from  Philadelphia,  the  one  to  Lisbon,  the  other  to 
Charleston,  produce  both  the  same  aggregate  firofitsy  and  put  both 
the  same  quantum  of  industry  in  motion,  no  doubt  the  home  ad¬ 
venture  will  be  tlic  most  beneficial  to  the  countiy,  because  the 
favourable,  pecuniary  and  moral  results,  arc  all  our  own. 

But,  if  tlic  adventure  to  Lisbon  were  to  put  in  motion  as  much 
industry  at  Philj^elphia  alone,  as  the  adventure  to  Charleston  putv. 

*  I  have  never  dittwn  such  inference,  T.  C, 
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in  motion  at  both  ends  of  the  voyage  ;  and,  if  the  profits,  made  by 
tlie  Philadelphia  merchant  alone  in  the  former,  were  eqnal  to  the 
joint  profits  of  the  Philadelphia  and  Chai’leston  merchant  in 
the  latter— the  position  would  not  be  true.-^K  superiority  of 
profit  or  of  industry  put  in  motion,  would  even  establish  for  the 
foreign  voyage  a  decided  claim  to  superior  national  utility.*  The 
correctness  of  this  oliservation  is  so  obvious  that  it  needs  no  proof. 

Now  it  is  well  known,  that  the  ndustry,  put  in  motion  by  a 
voyage,  other  circumstances  being  equal,  is  nearly  in  proportion  to 
the  distance  of  tlie  royage.f— Our  inland  trade  is  carried  on  in 
boats,  and  waggons  ;  our  coasting  trade,  in  small  craft ;  the  fo- 
reippi  trade,  in  vessels  of  a  superior  order,  the  building  of  one  of 
which  costs  as  mucli— that  is,  puts  as  much  industry  in  motion,  as 
perhaps  the  building  of  twelve,  or  fifteen,  of  the  former.— But, 
not  only  the  vessels  are  more  expensive,  their  equipments  also  are 
more  costly.  Freights  and  insurance,  consequently,  amount  to 
much  heavier  sums,  and  even  the  small  charges  will  be  much  more 
numerous ;  so  that  a  foreign  adventure,  which  terminates  well, 
often  brings  back  a  capital  the  double,  or  triple  of  the  original 
cost  of  the  outward  cargo,  whilst  the  gain  of  the  shipper  does  not^ 
exceed  the  ordinary  rate  of  mercantile  profits.— In  this  respect  we 
may  say,  that  a  barrel  of  flour,  and  every  other  commodity,  firovU 
ded  we  transfiort  it  ourselves^  puts  more  industry  in  motion,  in  pro¬ 
portion  as  the  market,  we  arc  able  to  find  for  it,  is  far  removed. 

If  the  merchant's  gain  is  considerably  greater  at  the  same  time,  h 
follows  that  the  country  must  benefit  more  by  the  foreign,  than  by 
the  domestic  expedition. 


*  That  is  catena  paribva :  all  other  circumstance  being  equal :  as,  that  the 
trade  to  Lisbon  requires  no  more  expence  of  national  protection,  and  puts  in 
jeopardy  the  national  tranquillity  no  more  than  tlie  tratle  of  Charlestown.  T.  C. 

f  I  believe  the  direct  contrary  is  the  commonly.i'eceivcd,  and  well-founded 
opinion.  The  more  distant  the  voy.age,  the  less  frcqttent  the  returns  of  capi¬ 
tal  ;  but  the  quantity  of  industry  put  in  motion,  does  not  depend  upon  the 
quantum  of  capital  employed,  but  on  the  frequent  return  of  it.  A  capital  of 
1000  dollars  returneil  twice  a  ycai*,  puts  in  motion  a  quantity  of  industry  equal 
to  2000  returned  annually.  T.  C. 

t  I  greatly  doubt  whether  any  merchant  would  act  on  tliis  principle,  and 
prefer  a  trade  because  it  wa.s  distant.  Besides,  thcexpences  of  the  crew  are 
bald  out  abroad  in  great  measure :  and  in  fact  it  is  iinivepsally  true,  that  the 
more  distant  the  voyage,  the  greater  the  risk,  the  less  frequent  the  return  of 
capital,  the  more*  is*protection  needed.  It  is  also  true,  universally,  that  the 
industry  put  in  motion  by  domestic  trade  is  exclusively  home  industry  hy 
fireign  trade,  foreign  as  wcl^  as  home  industry,  T.  C. 
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By  tliese  considerations,  in  combination  with  those  detailed  in 
the  preceding;  pages,  the  truth  of  the  fioaition  is  materially  weak¬ 
ened,  if  not  entirely  overthrown.  But,  were  it  unquestionably  true, 
still  the  inference  could  not  be  admitted,  without  great  limitation.. 

If  foreign  trade  is  less  beneficial  than  the  home  trade,  and  they 
•were  ofifio9ed  to  each  other ^  then,  surely,  the  former  ought  to  be 
ttelinquished.  But,  it  so  happens,  that  both  are  most  \ngorous^ 
when  pursued  at  the  same  time,  and  the  deplorable  history  of  the 
day  proves  but  too  well,  that,  with  us  in  particular,  the  destruction 
of  the  one,  is  nearly  tantamount  to  the  destruction  of  the  other.* 

The  same  observation  applies  with  reg;ard  to  the  cariqdng  trade. 
The  prosecution  of  one  description  of  business  does  not  necessari¬ 
ly  presume  another  to  be  neglected.  The  natural  limits  of  the  ac- 
tivity  of  a  merchant  are  his  gains.  You  can  confine  him  in  no 
other  without  prejudice  to  the  count^J^ 

- The  capital^  you  continue,  employed  in  the  home  trade, 

^[circulates  twice,  or  thrice,  while  a  capital,  employed  in  the foreign 
<<  trade,  circulates  but  once,**^ 

Inference— therefore  the  foreign  trade,  less  profitable,  is  to  be 
abandoned. 

The  position,  again,  is  not  generally  true.— A  capital  between 
New, Orleans  and  the  Havanna,  between  New  Orleans  and  Vera 
Cruz,  may  be  turned  twice,  and  oftener,  before  it  can  once  be  turn¬ 
ed  between  New  Orleans,  and  Pittsburg,  or  Lexington.  The 
voyages  from  London  to  the  ports  of  the  German  Ocean,  arc  not 
longer  than  those  from  London  to  Liverpool,  or  the  north  of 
Scotland.  Exchanges  of  property  between  Ostend  and  the  British 
ports  opposite,  will  be  much  more  rapid  than  those  between  Os¬ 
tend,  and  the  French  ports  uithe  Mediterranean.  A  voyage  from 
Archangel  in  Russia,  to  Odessa  in  Russia,  would  encompass  the 
European  continent — yet  this  would  be  home  trade  If 

Nor  does  the  returns  of  the  capital  sent  abroad — as  the  reader 
would  be  led  to  believe  from  your  enumeration  of  the  many  hands 
through  which  it  has  to  pass-^epend  on  the  realized- proceeds  of 

*  I  am  not  aware  that  this  position  adn)its  of  satisfactory  proof.  T.  C. 

1 1  hese  are  merely  local  exceptions  to  a  general  proposition,  the  truth  of 
which  cannot  be  denied.  But  tlie  point  u,  that  iiome  trade  requires  no  na* 
tional  expence  to  protect  it — induces  no  national  risk — produces  none  but 
home  feelings,  home  interests,  home  predilections.  These  characters  do  not 
belong  to  foreign  trade.  Tliese  are  circumstances  that  operate  universally, 
whether  the  trade  be  from  Archangel  to  Odessa,  from  Boston  to  Ncw-Orlean^ 
from  Dover  to  Calais,  from  Gibraltar  to  Ceuu.  T.  C.  «  - 
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the  identical  property  shipped.  V cssels,  generally,  bring  back 
a  return  cargo  promptly,  and  to  the  country  it  is  immaterial,  whe¬ 
ther  this  be  the  actual  proceeds  of  the  outward  cargo,  ora  proper¬ 
ty  shipped  in  advance  of  the  expected  proceeds,  or  the  results  of 
some  previous  adventure.  A  regular  intercourse  once  establish¬ 
ed,  the  returns  depend  no  longer  on  sales,  and  mostly  vessels  bring 
back  a  value,  equal,  or  superior,  to  that  taken  out.  Consequently, 
in  a  national  point  of  view,  the  capital  employed  in  a  foreign  adven¬ 
ture,  may  be  considered  as  replaced  with  a  profit,  as  soon  as  the 
voyage  is  terminated.  Were  it  otherwise,  if  the  trade  continue 
notwithstanding,  it  would  only  prove  tliat  the  country  has  capital  to 
spare,  which  it  cannot  employ,  to  equal  advantage,  in  any  different 
manner. 

Fuither — if  the  fiositioyi  were  strictly  tiaie,  still  the  inftrence 
whuld  not  stand. 

The  question  is  not,  whether  the  more  profitable  home  trade, 
is  to  be  abandoned  for  the  less  profitable  foreign  trade.  There 
can  be  no  such  question,  unless  there  were  a  deficiency  of  capital. 
If  this  deficiency  existed,  the  capital  would,  of  its  own  accord, 
seek,  and  find,  the  employment  most  profitable.  But  it  is  not  like¬ 
ly  to  exist  in  a  country  like  ours,  that  lias  commodities  to  exchange, 
and  circulate  by  means  of  paper  ;  because  in  such  a  country  credit 
is  capital,  and  credit  keeps  pace  with  the  amount  of  exchangeable 
property. 

*  The  true  question  is  this — .if  the  home  trade  puts  in  motion  in¬ 
dustry,  to  the  extent,  for  instance,  of  one  million  of  dollars,  and 
an  additional  foreign  trade  might  put  in  motion  industry,  to  the  a- 
mountofhalf  a  million  more — whether  the  nation  is  to  forego  this 
advantage,  merely  because  the  trade  would  be  foreign,— and  I  be¬ 
lieve  you  will  agree  that  the  strictest  logic,  even  from  your  admit¬ 
ted  positions,  would  hardly  warrant  such  a  conclusion.* 

*  I  never  drew  any  such  conclusion.  An  opinion  lias  long  prevailed,  that 
foreign  commerce  is  the  great  source  of  national  wealth  :  the  Kngllsli  writers 
until  about  five  or  six  years  ago,  were  almost  unanimously  of  that  opinion.  The 
British  ministry,  have  for  more  than  sixty  years  past  even  to  the  present  day, 
held  up  in  theory,  and  have  practically  pursued  the  same  opinion.  Tlie  modern 
politicians  of  this  country,  particularly  those  who  are  somewhat  biassed  m 
favour  of  British  practices  and  theories,  strongly  support  the  same  opinion. 
M.  Say,  M.  Ganilh,  Dr.  Bollnian,  are  decided  advocates  in  its  favour.  I  have 
done  nothing  but_  attempted  to  shew  that  this  opinion  is  not  well  founded. 
That  foreign  commerce,  is  insignificant  in  point  of  amount  to  the  produce  of 
capital  and  industry  employed  at  home.  That  it  is  a  productive  cause  of 
modern  war.  That  it  induces  national  cxpences  for  its  protection,  far  beyoncl 
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You  next  Uilvertto  “  the  comfiarative  importance  of  the  forei^u 
“  trade^  and  home  trade^  in  point  of  You  endeavour  to 

shew,  that  the  amount  of  the  latter  trade,  even  in  England,  whose 
foreign  trade  is  ik)w  the  most  extensive,  dwindles  info  insignifi¬ 
cance,  when  compared  with  the  amount  of  the  fomicr,  which  con- 
.firms  you  in  tlio  opinion  that  the  foreign  trade  ought  to  be  relin¬ 
quished. 

In  order  to  prove  the  relative  inferiority,  in  England,  of  fo¬ 
reign  to  domestic  trade,  you  have  recoui*se  to  the  custom  house 
documents.  You  shew 

“  That  previously  to  the  year  1794  the  amount  of  the  exports 
“of  Great  Britain  have  never  exceeded  twenty  five  millions  of 
“  pounds  sterling  per  annum’* — let  it  be  granted  ! 

And  you  state  ‘‘  that  the  merchants  profits  cannot  be  estimated 
“  at  more  than  TijJ  per  cent.” — I  do  not  object  to  it. 

“  Which,  on  the  25  millions  exported  from  Great  Britain,  and 
“  3-1  millions,  expoited  from  Ireland,  makes  12  J  per  cent  on  28  J 
“  millions,  or,  about  3.}  millions  sterling.** — The  calculation  is  cor¬ 
rect  ! 

From  which  you  conclude  “  That  the  foreign  trade  of  Great 
“  Britain  and  Ireland,  at  one  of  the  most  pmsperejus  |>€riod3  of 
d  British  commerce,  was  not  worth  to  the  nation  more  than  three 
millions  and  a  half  of  pounds  sterling,** — a  conclusion  to  which 
I  can  by  no  means  agree. 

You  have,  evidently,  fallen  into  an  error,  so  frequently  com¬ 
mitted  by  political  writers,  and  which  I  have  already  noticed  in 
another  place — the  error  of  confounding  the  national  s^in^  with 
,the  mercantile  proftn* 

They  are  so  very  different,  that  the  national  gams  arc  often 
large,  in  projK>rtion  as  the  profits  of  the  merchant  arc  small.  Nay 
the  nation  often  f^ainsy  and  immensely  tooy  while  the  merchant  ac¬ 
tually  incurs  loss. 

Suppose  us  at  peace,  trade  open,  flour  at  eight  dollars  per  bar¬ 
rel,  and  an  account  arriving  of  a  failure  of  crops  in  England,  in 
consequence  of  incesaant  mins  during  the  month  of  Augpist.  Flour 
rises  to  gl  2  per  barrel — 200,000  barrels  are  bought  by  our  mer¬ 
chants,  from  our  millers,  at  that  price ;  they  are  exported  in  our 
own  vessels.  They  cost,  delivered  in  England,  in  consequence 

value.  But  if  it  can  be  profitably  pursued  without  requiring  national  pro¬ 
tection  by  rnc.-^ns  of  a  navy  fit  to  enter  into  competition  with  the  great  nav^l 
powers  of  Kurope,  then  it  becon.es  worth  pursuing.  T.  C. 
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of  the  accession  to  the  first  cost,  of  small  charges,  freight,  and  in¬ 
surance,  S  15.  They  sell  so  as  to  neat  only  SS  14  per  barrel.  What 

is  the  result  of  this  foreign  ti’ade  ? 

The  merchants  lose  one  dollar  per  barrel,  or  S  200,000. 

But  the  nation  gains 

1.  The  difference  between  g  8  and  g  12  per  bll.  is  on  200,000 

barrels— 800,000 

2.  The  expences  thereon  g  600,000 
Less  the  merchant’s  loss  200,000 


400,000 

Total  neat  national  gain,  g  1,200,000* 

To  which,  in  fairness,  we  ought  to  add,  all  the  good  spring¬ 
ing  from  the  influx  of  so  much  additional  stimulus  to  industry. 
Yet,  according  to  your  mode  of  estimating  the  results  of  mercan¬ 
tile  operations,  the  nation  would  be,  by  8  200,000  the  poorer  for 
having  meddled  with  this  foreign  speculation. 

The  view  of  the  subject,  which  I  have  just  given,  and  the 
correctness  of  which  will  hardly  be  questioned,  accounts  for  the 
phenomenon,  that  so  often  communities  thrive^  though  merchants 
fail.  The  competition  among  these  raises  the  prices  of  the  native, 
or  manufactured  productions  of  a  countiy,  and  though,  in  conse¬ 
quence  of  it,  tlie  more  sanguine,  and  enterprising  among  them, 
will  frequently  ruin  themselves,  yet  they  will  be  seldom  so  egre- 
giously  mistaken  in  their  calculations,  that  the  country  should  not 
benefit  by  their  labours.  We  also  sec,  why  banks,  and  similar  in¬ 
stitutions,  wliich  give  facilities  of  ti*adc  to  men  of  moderate  means, 
contribute  so  mucli  to  the  wealth  of  a  country.  In  their  absence 
much  less  business  would  be  done.  A  few  capitalists  would  keep 
the  prices  of  domestic  produce  down,  ami  maintain  at  high  rates 
the  prices  of  commodities  imported  from  al)road.  They  would 
gain  much  in  doing  little ;  that  is,  they  would  cause  the  comniu- 
nity  at  large  to  work  for  less,  and  amass  colossal  fortunes  at  the 
expciicc  of  the  labouring  classes. 

Such  is  the  case  in  South  America,  in  Old  Spain,  in  France. 

♦  It  is  hazardous  to  prove  too  much.  If  T  employ  an  outfit  of  20,000  dollars, 
doubtless  the  tradesmen  I  employ  will  have  tlieir  reasonable  profit ;  all  this 
profit  is  national  gain  ;  but  if  in  the  upshot  of  the  transaction,  I  lose  lOO't 
dollars  inste.id  «>f  gaining  1000  dollars,  is  not  the  part  of  the  national  capital 
under  my  rare  diminished  by  that  sum  ?  can  this  he  called  a  national  gain  ? 

r.  c. 
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There,  merchants  seldom  break,  but  squalid  poverty  is  the  lot  of 
the  people.* 

_  Many  more  important  deductions  might  be  drawn,  from  the 
simple  discrimination  between  national  gaina^  and  the  gains  of  the 
wierchanty  but  they  would  lead  me  too  far.  Let  me  apply  it  to  the 
point  under  consideration. 

Foreign  trade  is  not  carrying  trade.  If  British  merchants  em¬ 
ployed  a  capital  of  285  millions  of  pounds  sterling,  in  effecting  ex¬ 
changes  of  property,  in  vessels  not  their  own,  between  America, 
for  instance,  and  the  East  Indies,  and  cleared  by  those  operations 
^vclve  and  an  half  per  cent,  on  the  amount  invested— -then  perhaps 
tlie  3^  millions,  resulting  therefrom,  would  be  all  that  the  United 
K.ingdom  could  claim  as  national  gain.  If  British  bottoms  were 
used  on  tlie  occasion,  then  the  amount  of  national  gain  would  swell 
by  the  sums  earned  in  freight,  and  insurance,  and  by  the  benefits 
arising  from  the  industry,  put  in  motion  in  consequence  of  the  con¬ 
struction  and  equipment  of  the  vessels  funiished.  But,  if  the 
question  is  of  foreign,  not  carrying  trade  ;  if  the  2 8^  millions  arc 
employed  in  exporting  British  goods,  in  British  bottoms,  and  in 
bringing  back  in  return  raw  materials,  arul  other  commodities— 
tl\cn  the  national  gains  augment  beyond  calculation,  and  the  mer¬ 
chant’s  profits  sink  into  comparative  insignificance. 

In  order  to  reason  correctly,  •toe  ought  to  give  credit  to  foreign 
tradcy  for  80  much  of  the  home  tradcy  aa  it  fiuta  in  motion  !  Will 
you  attempt  to  make  the  calculation?  I  confess  that  I  should  not 
like,  myself,  to  undertake  the  task.f  But  I  shall  state  the  princi¬ 
pal  circumstances  that  ought  to  be  taken  into  view. 

How  many  vessels  are  employed  in  the  foreign  trade,  and  wliat 
is  the  number  of  artizans,  and  mechanics  that  derive  their  living 
from  the  construction  and  equipment  of  these  vessels  ? 

What  numbers  derive  their  support  from  providing  this  body 
of  artizans,  and  mechanics,  with  food  and  fuel,  covering  apparel  and 
lodging  ? 

What  proportion  of  the  28^  millions  nf  property  exported, 
consists  of  the  value  of  raw  materials,  imported  and  paid  for  ;  or, 
of  foreign  commodities  re-exported  ?  For  all  tlie  rest,  being  value 

*  I  know  no  evidence  of  this  in  France.  I  do  know,  proofs  of  the  most  de¬ 
cided  character,  that  this  is  the  case  in  F.ngland.  See  Anal.  Mag.  Nov.  1813, 

T.  C. 

f  The  calculation  seems  to  me  to  he  easy  enough.^  A  thousand  dollarr 
•pent  at  home,  in  a  home-investment,  puts  in  niotion  one  thousand  dollars 
worth  of  h.bour  at  home,  and  no  more.  Dr.  Hollman's  mode  of  retwowing 
Would  tend  to  prove  that  it  put  in  motion  a  million’s  worth  of  labour.  T.  C. 
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made  up  by  British  labour,  or  British  sui'plus,  «o  much  clear  ac- 
cession  to  national  gain.  Those,  whose  labour  is  thus  engaged, 
may  be  fairly  considered  as  in  foreign  pay ;  and,  since  the  people 
of  England  could  not  possibly  consume  themselves  all  their  tin, 
all  their  copper,  all  their  wool,  &c.  if  you  take  away  their  expor¬ 
tation,  there  will  be  unquestionably  so  much  diminution  of  the  an¬ 
nual  increase  of  national  wealth. 

What  is  the  number  of  those  concerned  in  the  raisi.ig,  or 
growth,  of  so  much  surplus  produce  exported,  or  the  number  of 
the  workmen,  whose  consolidated  labour  contributes  the  principal 
value  of  the  manufactured  goods  sent  abroad  ? 

What  numbers,  again,  live  by  providing  those  with  the  neces¬ 
saries  and  comforts  of  life  ? 

How  many  articles  arc  consumed  in  constructing,  improving, 
and  keeping  in  repair,  the  labour  saving  machines,  which  the  fo¬ 
reign  trade  employs  all  over  the  kingdom  ? 

How  much  industry  is  kept  in  motion  on  high  roads,  rail  roads, 
canals,  and  rivers,  by  foreign  intercourse  ?  How  much  in  the 
towns,  by  furnishing  employment  to  agents,  brokers,  underwriters, 
carriers,  and  the  tribe  of  clerks  ?  How  many  husbandmen  are  at 
their  case,  and  exist  in  comfort,  by  feeding  all  tliese  feeders  on  fo¬ 
reign  commerce,  together  with  their  train,  who  give  value  to  coun¬ 
try  produce  by  consuming  it. 

What  similar  cflects  are  produced  by  the  impoits — to  an  equal 
amount — the  returns  fn^m  abroad  for  the  commodities  sent  out  ? 

The  foreign  trade,  you  say,  requires  the  navy.  Place  before 
your  mind’s  eye  all  the  navy  of  Great  Britain,  ready  for  sea,  and 
ask  yourself — what  talent,  tvhat  labour,  w  hat  industry  was  neces¬ 
sary  to  bring  this  prodigy  into  existence  What  amount  of  these 
w’ould  become  useless,  were  it  no  longer  w  anted  I 

Beware  of  the  mistake — if  there  was  no  navy  those  talents,  that 
industry,  would  be  l)etter  employed  ! — Of  all  our  superfluities  in 
food  and  apparel,  of  all  our  luxuries  of  every  denomination,  you 
might  say  as  much..  Yet  cannot  the  savage,  with  his  few  wants, 
with  his  rags  and  jerked  venison,  people  tl;c  wilderness,  which 
disappears  before  civilized  man. 

*  In  my  opinion,  tJic  man  w’ho  would  devise  the  means  of  surely,  speedily, 
and  permanently  putting  out  of  exiitence.  every  navy,  ofevery  jK)wer,  in  every 
part  of  the  globe,  wotrld  be  the  greatest  benefactor  to  the  human  race,  that 
mankind  have  yet  known.  Let  half  a  dozen  merchants  in  Lfmdon  excite  a  na¬ 
tional  clamour  that  their  commeice  is  in  danger,  and  tl»e  British  navy  carries 
devasialion  and  death  to  cverv  corner  of  the  globe.  T.  C. 

Vol.  II. 
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In  political  discussions  in  particular,  we  should  never  ask, 

‘  what  man  raw,  but  what  he  w///  do  He  will  do  much,  when  con¬ 
stantly  stimulated,  as  he  is  in  a  great  commercial  nation,  by  new 
objects  of  desire,  brought  honie  from  every  quarter  of  the  globe ; 
when  kept  in  unceasing  wakefulness  by  an  infinite  and  constantly 
changing  combination,  of  interests  and  passions !  Remove  all  this 
impulse,  you  see  him,  as  in  the  interior  of  the  island  of  Cuba,  in 
the  midst  of  an  earthly  paradise,  surrounded  by  hundreds  of  acres, 
and  by  innumerable  herds  of  cattle — his  own— lying  on  a  skim 
and  dreaming  away  a  useless  existence  in  apathy  and  sloth. 

Much  good,  therefore,  arises  from  foreign  intercourse,  merely 
as  far  as  it  stimulates,  as  far  as  it  diffuses  animation,  and  lif(^ 
through  the  body  politic ;  and  perhaps,  on  allowing  their  proper 
weight  to  the  different  conditions  I  have  pointed  out,  you  will 
agree  with  me,  that  the  benefits  of  foreign  commerce  cannot  be 
correctly  computed  from  the  mere  arithmetical  results,  exhibited 
by  tlic  balance  sheets  of  the  merchants.* 


In  further  contesting  the  immense  importance  of  the  home, 
with  the  insignificance— as  you  conceive  it — of  the  foreign  trade, 
you  compute  the  amount  of  the  former  by  estimating  the  gross, 
annual,  agricultural  produce  of  Great  Britain  at  1 50  millions  ster¬ 
ling,  and  the  produce  of  the  labour  of  the  manufacturers,  and  me* 
chanics,  for  home  consumption  at  50  millions,  which,  with  a  pro¬ 
portionate  allowance  for  Ireland,  makes  the  whole  amount  of  the 
home  trade  of  the  British  empire,  according  to  your  idea,  equdi 
to  220  millions  sterling. 

But  trade<f  agreeable  to  your  own,  and  correct  definition,  is  bar¬ 
ter,  is  exchange  of  commodities  between  different  persons. 

When  a  man,  therefore,  cultivates  a  potatoe  patch,  and,  after 
the  potatoes  have  come  to  maturity,  digs  them  out,  and  eats  them 
up  himself,  he  can  hardly,  on  that  account,  pretend  to  be  a  trader, 
nor  insist  that  the  value  of  his  potatoes  should  count  in  a  general 
computation  of  the  amount  of  domestic  comnfcrce. 

Trade  requires  circulation.^  and  when  we  mean  to  ascertain  the 
amount  of  internal  circulation,  we  have  obviously  to  deduct,  froui 
the  total  amount  of  the  proceeds  of  agricultural,  and 'manufactur¬ 
ing  labour,  so  much  as  does  not  circulate^  that  is,  so  much  of  the 
proceeds  of  their  work,  as  the  labourers  consume  themselves.  But, 
as  there  are  seven  millions  of  cultivators  in  the  British  empire, 


*  No.  Nor  the  evils.  T.  V. 
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who  may  be  presumed  to  have  good  appetitesy— and  about  five 
millions  of  manufacturers,  and  mechanics,*  who  probably  like  to 
keep  themselves  warm-— these  deductions  will  amount  to  a  great 
sum. 

(ireat  Britain  and  Ireland,  generally,  export  no  grain,  but  they 
eeilainly  export  a  considerable  value  in  linens,  and  in  woollen 
goods.  We  have,  therefore,  in  order  to  find  out  what  the  home 
trade  would  be,  unaided  by  foreign  trade ^  for  that  is  the  real  point 
under  consideration — we  have  further  to  deduct  from  the  value  of 
the  circidatin!^  agric\Jltural  produce,  so  much  flax,  and  wool,  as 
the  foreign  trade  takes  off  directly^  in  the  manufactured  state. 

We  have  further  to  deduct  from  the  value  of  the  same  circula¬ 
ting  agricultural,  and  manufacturing  produce,  so  much  as  the  fo¬ 
reign  trade  takes  off  indirectly^  in  consequence  of  the  consumption 
of  tliat  vast  mass  of  consumers,  whom  the  foreign  trade  keeps  con¬ 
suming  ;  for  we  have  seen  that  so  much  of  the  home  trade,  as  is 
thereby  occasioned,  is  indirectly  foreign.  The  foreign  trade  may 
justly  claim  it  as  its  own. 

But,  if  wc,  deduct  from  the  total  value  of  the  produce  of  agri¬ 
culture,  and  manufactures, 

1.  So  much  asdoesnof  circulate.  And  from  the  portion  which 
does  circulate 

2.  So  much  as  the  foreign  trade  consumes  directly.  And  fur¬ 
ther, 

3.  So  much  as  it  consumes  indirectlij-^')y  which  two  items 
home  trade  would  diminish  if  no  foreign  trade  existed ; 

Then  you  will  allow  that  the  220  millions  of  pounds  sterling, 
which  dazzle  us  in  your  political  arithmetic,  will  shrink  into  a 
sum — comjiaratively  lean,^ 

•  The  reverse  of  this,  is  about  the  true  proportion.  The  late  population 
returns  stale  the  number  of  families  in  Great  Britain  at  2,544,000  :  of  which 
895,000  only  arc  employed  in  agriculture,  1,129,000  in  manufactuits,  trade, 
and  handicraft  emplo}Tnents.  The  very  poor,  the  rich  and  the  professional, 
amount  to  519,000.  T.  C. 

I  see  no  reason  whatever  for  these  deductions.  The  home  trade  brings 
into  market  the  value  of  consumable  produce  nearly  as  I  have  stated  it :  no 
matter  how  or  by  whom  it  is  consumed*  The  value  is  not  lessened  whether 
thp  consumer  be  a  foreigner  or  a  native.  The  question  is,  what  is  the  quantum 
of  industry  put  in  motion ;  this  is  measured  by  the  consumable  produce  rai¬ 
sed  :  it  is  of  no  consequence  to  whom  it  is  disposed  of,  if  its  value  be  obtain-  - 
rd.  T.^^. 
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The  cause  of  foreign  trade  might  also  be  pleaded,  by  leaving 
all,  that  I  have  said,  unnoticed,  and  taking  up  the  question,  on  the 
ground  on  which  you  have  yourself  placed  it. 

*  “  Where  is  the  great  source,**  you  ask,  in  speaking  of  Great 
Britain,  “  of  the  M'ealth  of  that  powerful,  and  wealthy  country  ?  It 
“is  in  her  spirited  agriculture,**  you  answer;  “  in  100  millions 
“  sterling  of  farming  capital,  permanently  laid  out  in  buildings,  in 
“  fences,  in  roads,  in  canals,  in  machines.  In  50  millions  more, 

“  annually  expended  in  manures,  in  repairs;^ in  exuberant  cultiva- 
“  tion.  Here  is  the  secret  of  24  bushels  of  wheat  per  acre  in  Kng- 
“  land,  16  in  France,  and  10  in  this  country.** 

But,  according  to  your  own  statement  the  hare  mercantile  profits, 
arising  from  the  foreign  trade  of  Great  Britain,  and  Ireland,  amount 
to  three  millions  and  a  half  of  pounds  sterling  per  annum. 

Consequently  the  bare  mercantile  profits  of  the  foreign  com¬ 
merce  of  the  British  empire,  with  a  simple  accumulation  of  only 
five  per  cent,  per  annum,  will  produce,  in  the  space  of  nineteen 
years,  more  than  the  whole,  fixed,  agricultui’al  capital  of  England. 

In  other  words — if  the  mercantile  profits,  accruing  to  Great 
Britain  and  Ireland  from  their  foreign  trade,  were  every  year  put 
out  at  5  per  cent,  interest — they  would  produce,  in  the  short  space 
of  nineteen  years,  a  sum  more  than  sufficient  to  stock,  with  the 
means  of  wealth,  and — of  home  trade  if  you  please — such  another 
country’  as  England,  in  a  manner  equally  ample  as  she  is  nov 
stocked  herself. 

The  bare  mercantile  profits,  resulting  from  the  foreign  trade, 
re-produce,  that  is,  double,  the  whole  fixed  agricultural  capital 
of  England  in  less  than  nineteen  years. 

Nay,  before  they  become  thus  consolidated,  and  fixed,  they 
will,  if  their  circulation  is  ra/iid^  be  more  than  sufficient  to  cover 
the  annual  expenditure  of  50  millions  sterling  for  manures,  repairs, 
and  exuberant  cultivation. 

Thus,  on  the  face  of  your  own  statement,  the  secret  of  the  se¬ 
cret^  is  the  foreign  trade. 

In  the  prosecution  of  your  arguments  against  foreign  com- 

*  And  what  is  the  agricultural  capital  doing  all  this  time  ?  Is  it  dosing  dur¬ 
ing  these  19  years  ?  This  mode  of  reasoning  will  prove  any  thing.  IJut  it  Is 
double  edged.  If  the  liome  capital  be  tenfold  greater  than,the  capital  of  the 
foreign  trade,  and  this  last  will  earn  so  large  a  sum  in  19  years,  tlie  other  will 
cam  ten  times  that  sum.  T.  C. 
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merce  you  further  state  “  that  the  lands  of  America  stand  fiarti- 
“  cularly  in  need  of  cafiital'' — I  believe  they  do ;  and  therefore  a 
foreign  trade,  diverting  capital  from  agriculture,  miglit,  in  our 
country,  with  some  plausibility  be  objected  to  on  that  ground. 

On  the  other  hand, — a  foreign  trade,  bringing  foreign  capital 
•into  the  country,  must  be  the  more  beneficial,  for  the  same  reason. 

Which  is  the  case  ?  has  not  the  foreign  trade  of  America,  for 
a  long  time,  been  carried  on  almost  exclusively,  with  British 
funds  ?  and  was  not  a  great  proportion  of  it  carried  on,  with  Bri¬ 
tish  funds,  down  to  the  very  moment  of  its  late  interruption  ? 

The  great  influx  of  foreign  capital,  in  consequence  of  foreign 
trade,  and  of  the  funding  system,  so  frequently,  and  §o  improjMT- 
ly  found  fa\ilt  with,  is,  unquestionably,  one  of  the  most  ])owerful 
causes  of  the  unexampled  progress  which  agriculture,  the  arts, 
and  manufactures,  have  made  in  this  country  during  the  short 
space  of  a  century  and  a  half — for  it  has  not  been  longer  settled. 
Foreign  trade,  and  the  funding  system,  are  the  very  hot  beds*  in 
which  they  have  so  surprisingly  thriven. 

If  there  were  no  other  arguments  in  favour  of  an  unrestmin- 
ed,  commercial  intercourse  between  nations,  a  view  of  the  benefits 
derived  from  the  influx  of  capital  on  the  one  side,  and  from  the 
employment  of  capital,  on  the  other,  would  alone  be  sufficienl  to 
establish  finnly  the  doctrine  of  its  superior  usefulness. 

Since  capital  consists,  in  the  accumulated,  and  consolidated  re¬ 
sults  of  labour,  during  a  lapse  of  ages  of  industry ;  it  surely  fol¬ 
lows,  that  a  young  nation,  secluding  itself,  and  avoiding  all  inter¬ 
course  with  foreign  nations,  has  to  become  o/r/,  before  it  can  ac¬ 
quire  a  capital  of  its  own,  and  enjoy  the  incalculable  advantages  il 
procures.*  A  young  nation,  on  the  coiitraiy,  communicating  free¬ 
ly  with  nations  of  long  standing,  will  participate  largely  of  the  ad¬ 
vantages  they  derive  from  the  labours  of  their  ancestoi-s. 

To  place  this  in  a  still  stronger  light — supj)osc  a  family,  pos¬ 
sessing  absolutely  nothing,  should  arrive  and  settle  on  a  fruitful 
spot,  and  be  left  there  to  themselves.  They  will  first  h.ave  to 
scratch  the  ground,  to  raise  the  grain  wherewith  to  satisfy  their 
hunger,  and,  if  possible,  the  surplus  grain,  wherewith  to  procure 

*  I  cannot  see  this.  Is  the  commerce  between  Pliiladclpliia  and  New- 
Orleans,  good  for  .nothing,  until  they  become  foreign  countries  in  respect  of 
each  other  ?  Is  it  the  worse,  because  it  requires  no  navy  at  each  ‘place  to  be 
ready  for  mutual  hostilities,  whenever  mercantile  jealousy  shall  excite 
tlicm?  T.  C. 
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a  spade,  and  a  cow.  The  spade,  and  cow  must  earn  a  plough  and 
horse,  and  so  on,  in  slow  succession.  Years  will  elapse  before  they 
can  attain  a  tolerable  degree  of  ease,  exert  their  faculties  to  tlic 
best  advantage,  and  make  the  most  of  their  farm. 

*  An  untoward  accident  during  this  period  may  altogether  des¬ 
troy  them.  If,  on  the  contrary,  some  rich  neighbour,  relying  on 
their  industry,  on  the  fertility  of  their  ground,  had,  for  a  due  even¬ 
tual  consideration,  supplied  them  at  once,  with  all  the  stock,  and 
implements,  required  for  good  farming,  his  capital  would  have 
placed  them  nearly  in  the  same  situation,  as  if  they  had  been  alrea¬ 
dy  at  work  for  years  ;  their  exertions  would  have  yielded  greater 
results  ;  their  situation  would  have  been  infinitely  less  precarious^ 
and  they  wouhl  have  attained,  comfort  first,  and,  afterwards,  inde¬ 
pendence  and  wealth,  with  much  more  rapidity. 

If  immediately  after  the  termination  of  the  revolutionary  war, 
in  this  countiy,  a  non-intercourse  with  all  foreign  nations  had  been 
decreed,  and  enforced  to  this  hour;  if,  previously  to  the  revolution, 
as  soon  as  the  first  settlements  luid  taken  place  on  this  side  of 
the  Atlantic,  all  connexion  with  Europe  had  ceased — can  it  be  ima¬ 
gined  that  our  agriculture,  that  generally,  our  prosperity,  would 
have  by  this,  time  attained  the  height  to  which  they  have  risen  ?* 

Capital  itself  i§  a  commodity,  which,  when  uncontroulcd,  mi¬ 
grates  from  the  country  where  it  abounds,  to  that  where  it  is  want¬ 
ed. 

British  capital,  in  the  first  instance,  stocked  our  farms.  Bri¬ 
tish,  and  other  foreign  capital  lined  our  shores  with  ships,  and  co¬ 
vered  our  rivers  with  small  craft.  Nine  out  of  ten,  of  our  manu¬ 
facturing  establishments,  have  been  set  on  foot  by  foreign  skill, 
and  with  foreign  funds. 

The  firojita  of  capitals  lessen  in  proportion  as  their  size  aug¬ 
ments,  A  young  beginner,  with  small  means,  must  work  hard  to 
live.  Grown  wealthy,  the  bare  interest  of  his  accumulations  suffi¬ 
ces  for  his  wants,  and  he  seeks  ease.  He  therefore  sets  up  ano¬ 
ther  in  business,  and  is  content  with  a  share  of  the  profits.  Thus 
both  benefit.  The  former  makes  rapid  strides  towards  acquir¬ 
ing  a  capital  himself,  and  the  latter  derives  from  his  means  an 
income  without  labour. 

*  No.  Foreign  commerce  is  highly  desirable  on  many  accounts,  while 
it  can  be  pursued,  peaceably.  1’he  question  is,  ought  we  in  prUdcnce  to  go  to 
war  for  the  sake  of  it  ?  will  it  repay  the  cost  I  T.  0. 
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It  is  just  so  between  nations.  The  same  benefits  arc  realized 
by  foreif^n  intercourse,  and  foreign  commerce,  without  any  /irevioun 
concert.  They  are  the  natui'al  results  of  difference  of  situation 
and  circumstances,  and  of  the  operation  of  the  ever  active,  uni¬ 
versally  prevailing  desire,  to  improve,  in  the  best  manner,  the  ad¬ 
vantages  possessed. 

Thus  your  observation— that  American  lands  want  capital- 
considered  with  a  view  to  ultimate  effects,  corroborates,  instead 
of  disproving,  the  great  Utility  of  foreign  trade.— 

“  Cafiital^  you  pursue,  employed  in  the  foreign  trade^  is  more 
“  exposed  than  capital  employed  in  domestic  trade.** — True  !  but 
a  trade,  the  profits  of  which  do  not  cover  the  premium  of  insurance 
is  not  pursued. — We  may  insure,  abroad  or  at  home. 

“  The  merchant^  and  all  the  people  employed  directly  by  hini^ 
“  rank  among  the  unproductive  classes  of  society.** 

It  is  time  indeed  the  invidious  distinction  of  productive,  and  un¬ 
productive  classes  should  disappear  from  the  pages  of  political 
economy. 

There  are  no  »inproductive  classes,*  unless  it  be  the  class  of 
gamblers  ;  and  even  their  activity  might  be  proved  to  be  less  in- 
junous  than  perfect  idleness.  But  the  proceeds  of  labour  are  not 
always  direct^  and  tangible. 

If  you  spend  six  weeks  in  reflection,  and  thinking,  and  after¬ 
wards  two  hours  ill  explaining  to  an  intelligent  mechanic  some 
new  principle,  which  you  have  discovered,  and  tlie  application  ol 
which  enables  him  to  accomplish  his  usual  work,  m  half  the  usual 

•  By  unproductive  persons,  urc  meant  those  wlio.se  labour  is  not  cniploved 
to  increase  the  mass  of  consumable  pnxUici,  such  us  f  ju<l,  cloulliiiig,  furni¬ 
ture,  the  comforts  and  conveniences  of  life,  Stc.  It  is  evident  that  a  fanner, 
H  mechanic,  an  engineer,  does  this,  directly  or  indirectly.  How  docs  M. 
Vestris  or  Madame  Calalini  do  this  ?  It  seems  to  me  a  strange  mingling  of 
words  and  ideas,  that  should  regard  as  equally  productive,  the  furmi-r,  whose 
time  is  spent  in  producing  food,  and  the  idle  class  of  gentlemen,  who  Uuw 
nothing  to  do  hut  devour  it  :  fritgCH  connutntre  nau.  This  is  like  the  n*a.son- 
iag  of  the  British  mlniitry,  who  reckon  all  their  expenditures  in  wars  abroad., 
i^val  or  military — all  the  money  they  waste,  as  so  many,  not  merely  evidences 
of,  but  additions  to  the  mxssof  national  wealib.  .So  that  if  li:df  a  dozc*n  line 
of  battle  ships  be  sunk  or  destroyed,  the  nation  is  the  gainer  by  all  the  Indus, 
try  which  is  ptit  in  mol  ion  hy  the  sums  exiieiidcd  to  replace  them.  This 
may  be  good  re:unning  i-.j  F.iTgland  ;  but  I  cannot  co:irpu!iend  the  force  of  It 

T.  r. 
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time  ; — when  you  have  finished,  there  remains  no  i*csult  of  your 
labour  that  could  be  measured,  or  weighed.  But,  if  the  day  fol¬ 
lowing,  and  ever  after,  the  industry  of  your  hearer  is  equal  to  two¬ 
fold  the  wonted  task,  who  will  say  that  your  labour  has  been  unpro¬ 
ductive  ?  you  have  doubled  the  usefulness  of  his  existence. 

What  remains  of  the  activity  of  congress,  after  they  have 
risen  ?  yet,  a  few  sentences,  passed  into  a  law,  and  handed 
over  to  the  chief  magistrate,  for  execution,  will  animate,  or  para¬ 
lyze  the  industry  of  unnumbered  individuals,  encourage  honest 
pursuits,  by  security  of  reward,  or  drive  whole  classes  at  once  as 
we  sec  daily,  by  the  magnitude  of  illicit  gains,  or  the  necessity  of 
finding  the  means  of  subsistence ;  into  the  paths  of  smuggling, 
imposition,  and  fraud. 

Say,  and  after  him  the  distinguished  American  commentator  of 
the  great  Montesquieu,*  call  merchants  manufacturer 9  of 
peace.  The  idea  is  somewhat  quaint.  It  seems  difficult,  for  us 
people  of  common  sense,  to  conceive^how  space,  unbounded,  could 
be  something  fabricated,  or  even  the  occupancy  of  any  defined  sec¬ 
tion  of  it — peace — a  production  !— According  to  the  same  com¬ 
menting  luminary,  the  soil  is  only  a  tool  in  the  hands  of  the  hus¬ 
bandman,  who  manufactures  wheat.  By  parity  of  reasoning,  cows 
and  bulls  are  the  instruments  of  the  breeder ;  and  our  graziers 
manufacture  beef,  by  means  of  a  judicious  application  of  oxen  to 
pasture  If 

But— leaving  such  sublime  conceits  to  tliose  who,  strangely 
enough,  imagine  that  they  soar  with  Montesquieu  in  kindred  re¬ 
gions,  or  even  presume  to  look  down  upon  him  with  a  sneer— I 
believe  there  is  a  species  of  commodity  the  importance  of  which 
has  long  been  generally  felt,  and  at  which  a  plain  intellect  will 
Bot  revolt,  when  it  is  brought  into  notice.  I  mean  convenience. 

*  A  commentary, 

'I'he  shades  of  Monlicello  arc  particularly  familiar  to  the  autlior,  who,  with 
a  candour,  tout  a  fait  unique!  avows  himself,  in  the  preface,  to  be  a  French.- 
nan.  Dr.  B. 

The  commentaz-y  on  Montesquieu,  was  written  in  French,  by  a  French - 
nzun.  •'It  is  too  iheorelicul  azzd  too  deznocratic  for  me  in  some  parts  ;  but 
I  consider  it  as  a  woi  k  of  considerable  merit,  and  well  wordi  perusing.  T.  C. 

i  I  see  nothing  ridiculous  in  tlzis  view  of  tlie  subject.  It  seems  to  me  as 
substantially  true,  tlzat  a  grazier  manufactures  beef,  by  applying  the  propei* 
kintl  of  food  to  his  oxen,  as  that  a  cabinet-maker  manufactures  a  chest  of 
di*awers,  by  .applying  the  proper  instruments  to  his  log*  of  mahogany. 

!night  as  well  indeed  keep  to  common  language,  whicli  distinguish^?  tb''" 
but  there  i.s  not,  murh  real  distinction  in  the  case.  T 
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Of  this  commodity,  convenience^  all  traders  and  merchants, 
may  truly  clain\thc  production,  and  its  influence,  on  the  general 
j>roductiveness  of  labour,  is  incalculably  great. 

Without  an  exchange  of  the  commodities  produced,  there 
cx)uld  exist  no  division  of  labour.  But,  how  many  exchanges  would 
take  place,  if  the  consumers  were  obliged  themselves  to  seek^  and 
directly  to  traffic  with,  the  producers,  or  manufacturers  ?  The 
enormous  waste  of  time,  which  such  a  mode  of  supplying  wants 
must  occasion,  would,  inevitably,  destroy  all  the  advantages  re¬ 
sulting  from  the  division  of  labour— which  would  therefore  cease 
—and  render  half  the  treasures  of  nature,  and  industr}’’,  useless, 
in  consequence  of  their  being  placed,  morally,  beyond  the  reach 
of  consumption. 

The  merchants,  therefore,  with  their  train,  create  valucy  by 
rreathig-  convenie7ice  of  consumfition.  Without  them,  division  of 
labour,  if  it  existed  all,  could  not  be  carried  to  an  equal  extent. 
Without  them,  half  the  lime  of  those  whose  labour  is  allowed  to 
be  productive,  would  be  wasted  in  an  unproductive  manner.  This 
obliges  us  to  admit,  that  their  activity,  if  not  directly  is  at  least  indi¬ 
rectly  productive.  •  Their  labours  add  nothing  to  the  mass  of  mat¬ 
ter,  nor  improve  its  form  ;  but  they  cause,  notwithstanding,  more 
work  to  be  peidormcd,  and  the  same  amount  of  directly  produc¬ 
tive  labour,  to  yield  larger  results,  by  being  more  advantageously 
applied. 

If  the  industry  of  a  million  of  people,  without  merchants,  re¬ 
alizes  the  value  of  one  million  of  dollars  per  annum,  and,  by  turn¬ 
ing  one  fifth  of  them  into  traders,  and  mcrcharits,  their  industry 
yields,  annually,  the  value  of  two  millions  of  dollars,  will  any 
statesman  say,  that  tlie  labour  of  merchants  is  unproductive,  and 
that  they  arc  to  society  a  burthen  rather  than  a  benefit  ?  Those 
who  distribute  tasks,  and  provide  every  department  with  the  need¬ 
ful,  are  not  the  least  needful  in  a  large  manufacturing  concern, 
W’hat  interests  society  is  the  quantum  of  work  performed,  and  if 
the  greatest  result  were  obtained,  by  causing  a  portion  of  the 
fhrgc  family  to  be  idle — the  very  idleness  of  these  ought  to  be 
termed  productive. 

The  same  observations  apply  to  those,  whose  offices  are  re¬ 
quired  for  the  maintenance  of  security,  and  for  defence.  I  can 
see  nothing  unproductive  in  any  of  the  situations,  which  an  im¬ 
proved  state  of  society,  and  great  civilization,  have  brought  forth. 
Cultivators,  merchants,  manufacturers,  tradesmen ;  the  oiucers  of 
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government,  judges  and  lawyers  ;  soldiers,  clergymen,— -physici¬ 
ans  even— all  are  useful  ;*  all  contribute,  raateri^ly,  to  swell  the 
great  aggregate  proceeds  of  general  industry,  provided  their  num¬ 
ber  do  not  exceed  the  due  proportion. 

No  objection  can  therefore  lie  against  foreign  trade,  because  it 
requires  merchants.  On  the  contrary,  the  usefulness  of  this  class 
of  society — which,  perhaps,  has  never  yet  been  duly  appreciated— 
is  of  the  highest  ordcr.f  The  beneficial  results  of  their  labours— 
though  only  indirectly  productive — arc  immense,  and  there  is  this 
peculiarity  attending  them,  that  often  their  contribution  to  the  ge¬ 
neral  wealth  of  society,  and  to  its  beneficial  distribution^  is  great, 
in  projwjrtion  as  a  sanguine  disposition  has  caused  them  to  provide 
but  ill  for  their  own. 

‘‘  Mercantile  success^  you  continue,  tempts  to  imprudciU  ex- 
.pendiluvcy  and  speculation^ 

1  doubt  the  correctness  of  the  observation,  which,  if  true, 
would  only  be  of  minor  importance.  Mercantile  success  gene¬ 
rally  causes  an  increase  of  caution,  and  a  greater  desire  to  accu¬ 
mulate.  Those  who  have  acquired  fortunes,  mostly  continue  t(» 
enlarge  them.  Imprudent  expenditure  is  more  commonly  the 
fault  of  wealthy  landholders  than  of  wealthy  merchants.  A  spe¬ 
culation  which  ruins  the  speculator,  not  unfrequently  enriches  the 
country  ! 

“  Merchants  are  of  no  country Professionally  they  arc  not. 
Nor  arc  they  learned  !  Will  you  therefore  banish  the  learned  ? 
Both  may  be  patriots  as  men.  A  merchant  at  least,  as  such,  al¬ 
ways  belongs  to  the  country  in  which  he  resides.  Where  he 
trades,  there  his  existence  is  beneficial.  Of  the  learned,  and  even 
<'f  many  of  our  politicians,  you  cannot  always  say  as  much  ! 

It  is  an  erroneous  idea,  that  merchants,  by  any  efTort  of  theirs, 
could  set  on  foot,  or  cause  to  continue  for  any  length  of  time,  a 
foreign  trade,  injurious  to  the  country’. — Trade  is  exchange. 
There  must  be  something  tliat  cun  be  spared,  before  tlie  recep 
tion  of  an  equivalent  is  practicable.  The  equivalent  received. 

*  No  doubt  ;  beertuse  all  these  classes  are  more  or  less  necessary,  directly 
f*r  liKlirectly  to  the  increase  of  consumable  produce.  Hut  1  cannot  see  how 
a  Gamester,  a  Dancer,  an  Actor  is  so.  They  put  industry  into  motion  and  give 
employment  to  many  persons  who  miglit  be  more  usefully  employed.  But 
their  efiorts  add  nothing  to  the  stock  ol  national  wealth.  Ipso  nsu  consumun* 
tur.  T.  C.  • 

I  I  acknowledge  that  merchants  and  factors,  arc  fairly Ao  be  considered  in 
the  same  light  as  labour-saving  maebincs.  T.  f ’. 
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inusi  have  a  greater  relative  valuc^  must  be  preferred,  else  the 
price  would  not  be  given.  Nor  will  the  importation  of  any  com¬ 
modity  continue,  as  soon  as  the  same  commodity  can  be  produced 
cheaper,  or  better  at  home.  The  merchant,  in  all  his  operations, 
is  inevitably  controuled  by  the  nature  of  things.  Should  he  at¬ 
tempt  defiance — he  will  be  ruined,  and  disappear. 

o  Foreign  commerce  has  never  fiaid  the  interest  of  the  sums 
sjient  in  the  firosecution  of  the  exfiensive  wars  it  has  induced^ 

As  you,  and  myself,  value  somewhat  dififerenlly  the  benefits 
^•csulting  from  foreign  commerce,  we  could  also  not  well  agree 
with  regard  to  the  amount  of  national  expenditure  for  which  they 
would  compensate.  If  those  benefits  are  so  great,  as  I  am  in¬ 
clined  to  think  they  are,  the  \vcight  of  your  argument  falls  to  the 
ground. 

Independently  of  this,  I  cannot  admit,  that  foreign  commerce 
is  the  cause  of  all  modern  wars.  This  idea  has  seized  on  your 
imagination  so  forcibly,  that  it  re-appears  on  almost  every  page  of 
your  political  discussions— but  is  it  true  Or  ought  W'c  not  ra¬ 
ther  to  say,  that  the  passions  of  those  who  rule,  have,  in  our  mo¬ 
dem  times,  found  in  the  collisions  caused  by  foreign  commerce, 
ihe  most  convenient^  and  popular  [iretext  for  the  wars  which  their 
gratification  demanded ! 

I  will  not  adveit  to  our  own  situation  at  this  moment.  I  will 
not  say,  that  any  rooted  animosities,  or  inveterate  prejudices  of 
leading  politicians  ;  or  the  ever  active,  and  unabating  thirst  for 
vengeance  of  a  considerable  body  of  foreigners,  w  hom  personal 
wrongs  drove  from  their  native  shores,  had  the  least  share  in  bring¬ 
ing  it  about.  I  will  not  question  that  the  western  people,  and 
particularly  those  of  Kentucky',  w'ould  be  equally  zealous  in  the 
defence  of  injured  sailors  rights,  even  if  the  w'ar,  in  which  we  are 
engaged,  should  have  drained  their  country  of  circulating  medium, 
instead  of  making  it  abound  ;  even  if  their  produce  should  have 

*  I  think  it  is.  Look  through  the  hlsiory  of  the  European  wars  particu¬ 
larly  those  of  England,  and  it  will  be  found  so.  It  is  not  a  little  singular  that 
•ii>  1738,  the  king,  the  lords,  the  commons,  and  the  Uritish  |x?o|)le  were  actu¬ 
ally  outrageous  in  support  of  the  principle  tliat  Fuei:  ships  make  pule  ubuus. 
Sir  Robert  Walpole  could  not  withstand  the  torrent ;  and  one  of  the  most 
•  (Hcient  causes  of  his  ultimate  dismissal,  was,  that  he  did  not  take  care  to  in¬ 
sert  this  principle  as  1  national  right,  in  his  convention  at  Paiiuo  ;  a  riglit,  in 
ilefence  of  which,  the  Britisih  nation  actually  went  to  war  with  Spain  in  1739. 
Flags  were  displayed,  and  cockades  worn  in  almost  every  town  of  the  kingdom 
with  mottoes  sueh  as  Fhks  tiiatik  :  xo  Sfabch.  7>ei^or«  vaiitmtu:'.  1\ 
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sunk  in  value,  in  consequence  of  Uiat  event,  as  much  as  h  has 
risen;  even  if  the  price  of  their  saltpetre  instead  of  an  augmenta*f 
tion  from  12^  cents  per  pound  to  40  cents,  should  have  experienc¬ 
ed  a  proportionate  depression.  But  let  us  look  to  Europe. 

The  recent  pages  of  French  diplomacy  ring  with  splendid 
sentences  in  defence  of  neutral  commerce.  The  philanthropic  Na¬ 
poleon  steps  forth  the  champion  of  injured  maritime  rights.*  He, 
who  knows  no  law’  but  his  will,  is  the  great  expounder  of  the 
law  of  nations ;  he,  who  respects  no  nation  on  terra  firma,  insists 
that  tlie  most  insignificant  should  be  respected  at  sea;  and  a  Tus- 
early  his  sword  still  recking  with  the  slaughter  of  pious  fanatics, 
attempts  to  insult  our  government  for  not  joining  with  sufficient 
alacrity  in  the  common  cause  I 

Is  it  the  less  true  that  Xafiolvon  hates,  and  must  hate,  Great 
Britain ;  that  he  only  seeks  to  destroy  her  supremacy  on  the  ocean 
to  be  able  to  assume  it  himself  ?t 

The  commercial  intercourse  between  nations,  on  an  extensive 
scale,  is  of  recent  origin.  Was  antiipiity  less  drenched  in  blood, 
because  then  such  intercourse  was  unknown  ? — The  Romans  were 
not  commercial— and  they  desolated  the  world.  The  Tartar 
tribes,  with  their  herds,  and  their  milk,  subdued  in  their  turn  the 
Romans.  The  sw’ord  of  the  Turks  spread  devastation  in  Asia  and 
Europe.  Millions  perished  in  the  crusades.  Religious  feuds, 
subsequently,  swallow’cd  up  a  whole  generation.— Yet,  you  would 
attribute  the  sufferings  of  nations  in  our  times,  to  the  sublime, 
though  still  imperfect  policy,  of  linking  all  by  tics  of  mutual  use¬ 
fulness  ! 

«  The  modern  system  of  foreign  commerce  is  the  most  firoduc- 
live  source  of  human  misery.^' 

We  have  enjoyed  foreign  commerce,  and  we  liave  to  bear  our 
share  of  human  misery’— it  is  gi’anted.  But  misery  bore  not  Ics^ 
hard  on  the  human  race  before  our  time. You  wish  for  the  de- 

*  If  Dr.  Bollman  will  look  at  the  state  papers  and  manifestoes  of  the  Euro¬ 
pean  powers  at  the  time  when  Rtissia  proposed  the  armed  neutrality^  he  will 
and  that  FntK  ships,  free  ooons,  was  then  adopted  as  a  principle  of  maritime 
iaw,  by  every  maritime  nation  of  Europe  except  Urcat  Ilritain.  I  do  not  un¬ 
dertake  the  impossihlc  task  of  defending  Hiionuparte,  but  he  will  not  suffer 
by  a  comparison  with  his  European  conteinporancs.  T.  C. 

•j-  An  American  ought  to  have  no  objection  to  these  two  powers  worrying 
^cach  Ollier,  till  neither  is  able  to  usurp  this  hateful  supremacy,  T.  C. 

t  ^lany  of  the  antient  sources  of  war,  are  done  away.  Is  it  absolutely 
needful  that  Tnerc-anlile  jealousy  should  furnish  others  to  supply  their  place  ? 

T.  C. 
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.^tructlon  of  all  men  of  war.  I,  on  the  contrary,  should  hail  him 
the  greatest  benefactor  of  mankind,  who  should  cause  all  national 
quarrels  to  be  settled  by  seventy-fours.— If  they  were  thus  divided 
on  the  ocean,  the  labours  of  ages  would  become  heaped  on  each 
other,  and  the  accumulation  of  improvements  and  capital  would 
be  prodigious  1 

*  Has  not,  in  Europe,  the  introduction  of  the  potatoc  fattened 
millions,  and  called  additional  millions  into  existence  ?  Has  not 
the  introduction  of  sugar  changed  the  catalogue  of  diseases,  and 
expunged  one  half  from  the  former  list  ?t  Has  not  the  introduction 
of  cotton  goods  spread  taste,  and  neatness,  where  before  prevailed 
grossness,  and  filth  Does  modern  civilized  society  know  ol’  any 
more  universal  and  more  inabuseable  means  of  comfort,  in  hcaltb> 
or  of  solace,  in  pain,  than  coffee  and  tea  ?  and  arc  they  not  all  the 
result  of  foreign  commerce  ?§ 

You  say,  that  colonization  is  the  immediate  offspring  of  foreign 
trade;  and  you  will  certainly  grant,  that  these  United  States  are 
the  offspring  of  colonization’!— well,  I  plead  the  cause  of  foreign 
commerce  with  these  United  States.  They  shall  be  my  great  ar* 
gument-U  I  put  into  my  scale  of  the  question  all  this  noble  land, 
with  its  eight  millions  of  people,— most  miserable,  and  most 
wretched,  as  they  are — all  the  population  of  the  day,  all  the  j>opu- 
lation  of  the  times  to  come  !— What  have  you  to  put  into  yours  ? 

“  The  most  flourishing^  fio/iulous^  and  best  cultivated  parts  of 
F.urofie^  you  say,  are  not  maritime^  or  commercial** 

But,  in  endeavouring  to  elucidate  this  points  you  confine  your¬ 
self  to  numbers ;  and  a  mere  superiority  of  numbers  per  square 

•  No.  The  consumption  of  potati>cs  as  an  article  of  food^  is  confined  to  Ire^ 
land.  They  arc  used  here  and  in  England,  as  a  sauce,  or  condiment — an  addi. 
tioD  and  auxiliary  to  the  table.  In  ir92,  in  France  they  were  almost  iinknowrv 
Brissut  and  Claviere  introduced  them.  T.  C. 

I  Not  Uiat  I  know.  T.  C. 

i  Cotton  goods,  have  introduced  cleanliness  and  the  consumption,  Pthisi.^. 

r.  c. 

%  They  may  perhaps  be  somewhat  pleasanter  from  being  more  fashionable 
than  Balm,  Sage,  Chicory  or  Dcet :  1  do  not  know  that  they  are  better  in  any 
respect.  T.  C. 

n  I  cannot  urge  all  that  is  to  be  urged  on  this  subject.  Those  who  desir#.- 
to  know  the  comparUive  value  of  colonies  to  a  mother  country,  must  peruse 
And»“rson  end  De  Casaux.  Ganilh  talks  absolute  nonsense  on  the  subject. 

T.  C 


158  Political  Rconomij* 

mile,  does  not  establish  the  existence  of  a  superior  degree  of  indii 
vidual  prosperity,  or  of  national  wealth  and  power.* 

There  can  be  no  doubt  that,  if  in  England  y^ou  were  to  cut  up,* 
all  the  l^rgc  estates  into  very  small  farms  of  ten,  and  fifteen  acres 
each ;  if  you  were  to  tuni  all  tlie  pasture,  and  pleasure  grounds, 
into  wheat  and  potatoc  fields,  make  men  and  women  perform  the 
labour  of  oxen  and  horses,  and  habituate  the  present  hardy  race 
to  a  meagre  diet — you  might  succeed  in  adding  one  third,  or  per¬ 
haps,  one  half,  to  its  present  population.  But  England  would  then 
be  no  longer  what  she  is!  She  would  present,  like  China,  or  Flan¬ 
ders,  a  surface  crowded  with  beings,  scarcely  human,  all  absorbed 
in  bai*cly  prolonging  a  miserable  existence. f—  Instead  of  British 
cottagers,  and  farmers,  you  would  have  Egyptian  fellahs, — an  easy 
harvest  for  the  sword  of  any  invader  !  an  useless  load  to  the  soil 
they  encumber ! 

Here  is  one  of  the  secrets  of  Bonaparte’s  successes.— There  is 
no  statesman,  there  is  no  philosopher,  there  is  no  philanthropist, 
who  could  not  prefer,  for  their  sake,  and  for  his  own,  the  150  per 
square  mile  in  England,  or,  even  the  still  fewer  per  square  mile 
in  thiscountiy,  to  the  244  in  Italy,  or  the  333  in  China  !f 

“  The  commercial  nations  have  uniformly  fallen  before  the  agri^ 
cultural  nations.'"* 

But  no  nation  ought  to  be,  or  can  be,  exclusively  commercial. 
But,  in  complicated  questions,  all  vague  appeals  to  history  are 
extremely  apt  to  lead  to  false  conclusions.  But  w'e  know  so  little 
of  the  people  of  Tyre,  and  of  Sidon.  But  Tyre,  and  Sidon,  and 
< Carthage,  which  you  adduce  in  proof,  existed  as  nations  previously 

*  It  docs  under  a  good  government  :  according  to  the  principles  laid 
ilown  by  Dr.  Bullman  in  the  beginning  of  this  essay  ;  to  which  I  give  my  full 
assent.  **  That  system  of  p>olitical  economy  is  the  best,  which  affijrds  com- 
V  fortable  subsistence  to  the  greatest  number  of  persons  upon  the  smallest 
“  territory  ;  provided  the  system  be  permanent  in  its  principles.**  If  then 
we  see  a  country  very  full  of  inhabitants,  living  in  reasonable  plenty  and  com¬ 
fort,  we  have  a  right  to  conclude  accordingly.  T.  C. 

•j  England  is  in  fact  at  the  present  moment,  and  has  for  many  years  been, 
r*'<rwded  with  beings  who  drag  out  a  miserable  existence.  It  is  true  that 
lately ]thc  war  has  thinned  them,  and  created  something  nearer  to  a  sufficiency 
to  support  life  for  the.  rest ;  but  where  else  is  the  country,  where  one  eighth 
of  the  population  are  paupers  ?  Soon  after  tlie  peace  of  Amiens,  in  1803,  the 
poor’s  rates  of  England,  amounted  to  5,318,000  pounds  :  the  returns  were 
ngain  to  be  made  this  year,  1813  :  but  I  have  yet  seen  no  acount  of  them. 

T.  C 

i  I  regard  China  as  grcat\^'  ex  aggerated.  T.  Q. 
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to  the  Romans the  struggle  between  the  two  latter  remained  long 
undecided,  and  was  at  last  decided  by  superiority  of  tactics,  and  mili' 
tary  genius,  more  perhaps  than  by  their  superior  estimation  of  agri¬ 
cultural  pursuits.  But  the  agricultural  Romans  were  themselves 
overcome  by  the  Huns,  and  Vandals,* — must  we  therefore  take 
our  lessons  of  political  economy  from  these  ? 

Permit  me  to  conclude  my  remarks  in  vindication  of  foreign 
commerce,  by  adding  one  more  argument  to  those  adduced  al¬ 
ready,  the  force  of  which,  it  appears  to  me,  cannot  be  easily  resist¬ 
ed. 

The  wealth  of  a  nation,  as  you  have  stated,  consists  in  the  ag¬ 
gregate  wealth  of  the  individuals  of  which  it  is  composed. 

Nine  tenths  of  the  population  of  almost  every  country  are  en¬ 
gaged  in  agriculture,  and  manufacturing  pursuits. 

The  wealth  of  a  nation,  therefore,  defiends  chiejly  on  the  pros¬ 
perous  condition  of  these.— The  lazaroni  of  Naples,  the  fellahs  of 
Egypt,  the  zarngottas  of  Mexico,  the  canaille  of  any  country,  add 
nothing  to  the  wealth,  or  power,  of  the  political  families  to  whom 
they  belong. 

But  the  condition  of  these,  engaged  in  agricultural,  and  manu¬ 
facturing  pursuits,  cannot  be  prosperous,  unless  the  rewards  of 
their  labour  somewhat  exceed  the  measure,  indispensible  for  the 
bare  support  of  animal  life. 

Now  in  any  fully  peopled  countr)*,  the  price  of  any  species  of 
produce,  or  commodity,  within  the  reach  of  general  competition* 
can  only  be  maintained  above  the  rate,  which  the  bare  support  of 
animal  life  requires,  by  means  of  foreign  commerce. 

The  reason  cannot  be  mistaken. — Domestic  consumption  is  li¬ 
mited,  whilst  only  want  of  food  can  limit  population.  Therefore 
competition,  or,  mother  words,  the  struggle  for  existence,  will  al¬ 
ways  bring  the  supply  of  the  great  mass  of  domestic  commodities 
full  up  to  the  demand,  and  prices  must  consequently  sink  down  to 
the  lowest  rates.f 

•  The  Huns  and  Vandals  had  no  foreign  trade.  'I*,  (h 

f  True  :  in ‘a  connlry  overpopulated,  and  badly  goverficd.  It  is  so  in 
England,  where  the ‘preference  In  foreig^n  markets  is  chiefly  owing  to  the  low 
price  of  the  commoilities  :  u  low  price,  dejjendatU  on  the  intolerable  labour, 
and  hard  living  of  a  starving  nninufacturing  populace.  The  profits  of  the  ca¬ 
pitalist — the  ciunmerce  of  the  nation  is  supported  out  of  the  life-blood  of 
tlie  labouring  t>casaiit  and  nnanufacturcr.  T.  C. 
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Foreign  consumption)  on  the  contrary)  has  no  limitS)  and  the 
merchants— the  agents  between  domestic  producers)  and  foreign 
consumers)  are  constantly  on  the  watch  to  extend  its  sphere. 

Therefore  foreign  commerce  is  the  surest,  and  perliaps  the  on¬ 
ly  pricanS)  of  maintaining  tlie  staple  commodities  of  a  nation,  at  pri¬ 
ces  which  will  insure  to  the  mass  of  the  people  the  enjoyment  of 
substantial  comforts,  and  allow  them  to  be  rational  beings,  and  men« 
instead  of  mere  drudges,  and  beasts  of  burthen. 

Lauderdale  has  well  described  the  surprising  effects  of  a 
little  deficiency,  or  excess,  in  the  supply  of  a  commodity,  on  its 
market-value.*  A  trifling  quantity  less  in  the  market,  than  the 
demand  would  require,  often  doubles  the  ‘price  of  the  whole  stock 
on  hand. — A  trifling  excess,  as  rapidly  brings  it  down.  But,  when 
the  holders  are  not  in  distressed  circumstances,  the  rise  from  a  de¬ 
mand,  in  the  smallest  degree  larger  than  common,  is  much  more 
certain,  quick,  and  considerable,  than  depression  from  the  opposite 
cause. 

When  I  shewed  before,  how  the  supposed  information  of  a  defi¬ 
ciency  of  crops  in  England,  and  the  consequent  exportation  of 
200,000  blls.  of  flour,  caused  the  coimtry  to  g^n  1,200,000  dollars, 
though  the  merchants  lost  money  by  their  speculation,  I  did  not 
pursue  the  consequences  further;  because  my  only  object  was,  to 
shew  immediate,  numerical  accession  to  the  national  wealth,  in 
consequence  of  the  foreign,  commercial  operation,  to  which  that 
information  had  led.  It  is  obvious,  however,  that,  on  account  of 
the  general  advance  of  the  price  of  flour,  caused,  in  the  supposed 
case,  by  the  foreign  demand,  the  domestic  consumers  of  that  article 
also^  had  to  pay  gl2  instead  off^^. 

If  this  domestic  consumption  throughout  the  Atlantic  states, 
amounted,  during  the  elevation  of  the  price,  in  consequence  of  fo¬ 
reign  demand,  to  500,000  barrels,  then  the  foreign  demand; 
though,  in  its  direct  effects,  worth  to  the  nation  only  81,200,000, 
would  be  worth,  to  the  agricultural  interest,  two  millions  of  dollars 
besides. — The  home  trade,  according  to  your  mode  of  estimating 
it,  would  be  indebted  to  the  foreign  trade,  for  an  immediate,  addi¬ 
tional  importance  to  the  amount  of  the  stated  sum.  But,  what  is 
of  infinitely  more  consequence,  the  millers,  and  farmers,  would  re¬ 
ceive  an  additional  compensation  of  two  millions  of  dollars  for  their 
labour,  throut'h  the  home  trade^  as  operated  upon  by  the  fortii^n 
trade  ;  this  shews,  that  the  foreign  tracle  prevents  the  consumerf. 
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from  making  the  law  to  the  producers,  with  regard  to  price  that 
it  is  one  of  the  most  powerful  means  of  a  general  distribution  of 
wealth  ;  and  that,  in  consequence  of  this  distribution,  wealth  be¬ 
comes  more  productive  of  wealth  j  becomes  more  productive  of 
national  power ;  becomes,  in  every  point  of  view,  rtlorc  beneficial 
to  the  state. 

Such  are  the  great  home  effects^  of  even  a  little  exfiortation,  I 
am  well  aware  that  a  surplus  in  the  market,  in  consequence  of  a 
want  of  the  usual  demand  for  an  article  from  abroad,  must  operate 
the  contrary  way. — Hut,  this  evil  is  casual,  wiiilst  a  depressed  value 
of  the  great  articles  of  consumption — which  becomes  stationary^ 
and  the  poverty  of  the  great  mass  of  the  people,  thence  ensuing, 
are  certain^Tiwd  regular  results  oj  a  want  of fortign  trade. 

Moreover — in  this  state  of  things  the  people  naturally  remain 
without  relief,  whilst  in  the  former,  the  ingenuity,  and  enterprise 
of  the  merchants,  prompted  by  self-interest,  are  unremittingly,  ex¬ 
erted  to  provide  a  remedy.— The  calamhies  to  which  a  nation  is 
subject  from  the  want  of  foreign  trade,  can  only  be  removed  by  the 
greater  calamities  of  famine,  pestilence,  and  war.  The  resources 
against  these,  to  which,  even  with  a  foreign  trade,  they  remain  occa¬ 
sionally  subject,  are  found  in  mercantile  skill,  and  are  commensu¬ 
rate  with  the  extent  of  the  globe. 


Extract  from  Quart,  Rcvie%v  for  December  1812.  Inquiry  into 

the  floor  lawsy  istc, 

I  do  not  cite  this  book  from  any  deference  I  pay  to  the  opinions 
of  the  persons  who  write  for  it,  or  from  any  admiration  of  the  abi¬ 
lity  or  knowledge  with  which  it  is  conducted,  it  is  far  from  defici¬ 
ent  in  classical  literature,  but  it  does  not  and  cannot  maintain  its 
ground  against  the  Edinburgh  Review,  which  is  certainly  conducted 
with  much  occasional  talent.  From  the  circumstance  of  the  writers 
being  anonymous,  both  reviews  assume  a  stile  of  ungentlemanly 
insolence,  that  woiihl  not  appear,  if  the  names  of  the  writers  ap¬ 
peared  also.  Hut  with  far  inferior  merit,  the  tone  of  vulgar  abuse, 
which  the  Quarterly  Review  indulges  in,  and  the  canting  aflecta- 
lion  of  orthodoxy  that  characterises  it,  are  extremely  offensive. 

I  quote  the  following  passage,  as  an  advocate  in  court  w  ould 
press  into  his  service  adversary  evidence.— 

The  system  of  Great  Britain,  is  a  system  of  manufacture  found¬ 
ed  on  foreign  commerce  ;  and  it  is  to  this  system  that  the  following 
vemarks  apply,  and  they  apply  very  forcibly.  I  do  not  choose  to 
copy  the  abuse  which  this  writer  heaps  on  Malthus,  Ailam  Smith, 
&c.  for  my  object  i§  to  instruct,  not  disgust  my  readers. 

But  during  the  last  forty  years,  a  tremendous  change  has  been 
Mfoing  on  ;  it  has  affected  all  classes,  few  for  the  better,  the  lowest 
and  most  numerous  much  for  the  worse. 

Vol.  II.  X 
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One  chief  cause  of  this  great  moral  revolution,  for  such  it  ma) 
truly  be  called,  is  to  be  found  in  the  improvement  of  machinery, 
and  the  consequent  rapid  increase  of  manufactures.  The  maiiu- 
factu ring  system  has  been  carried  among  us  to  an  extent  unheard 
of  in  any  former  age  or  country  ;  it  has  enabled  us  to  raise  a  reve¬ 
nue  which  twenty  years  ago  we  ourselves  should  have  thought  it 
imixjssible  to  support,  and  it  has  added  even  more  to  the  activity  of 
the  country  than  to  its  ostensible  w  ealth ;  but  in  a  far  greater  de¬ 
gree  perhaps,  has  it  diminished  its  happiness  and  lessened  its  se¬ 
curity.**** 

Some  of  the  sciences  and  many  of  the  arts  rcquiiT  large  cities 
to  foster  them  ;  they  thrive  there  like  exotics  in  a  town-conserva¬ 
tory  ;  but  the  virtues  and  the  comforts  of  inferior  life  wither  away 
in  such  atmospheres,  like  flowers  transplanted  from  the  field  to 
pine  at  a  street-w  indow.  The  peasant,  however  much  his  religious 
education  may  be  neglected,  cannot  grow  up  withf)ut  receiving 
some  of  the  natural  and  softening  impressions  of  religion.  Sunday 
is  to  him  a  day  of  rest,  not  of  dissipation:  the  sabbath  bells  come 
to  his  ear  with  a  sweet  and  tranquillizing  sound  ;  and  though  he 
may  be  inattentive  to  the  services  of  the  church,  and  uninstructed 
in  its  tenets,  still  the  church  and  the  church-yard  arc  to  him  sa¬ 
cred  things  :  there  is  the  font  in  which  he  was  baptized,  the  altar 
at  which  his  parents  became  man  and  w  ife,  the  place  where  they 
and  their  fathers  before  them  have  listened  to  the  word  of  Go(l, 
the  graves  wherein  they  have  been  laid  to  rest  in  the  Lord,  and 
•where  he  is  one  day  to  be  laid  beside  them.  Alas  for  him,  who 
cannot  comprehend  how  these  things  act  upon  the  human  heart  I 
The  town  manufacturer  is  removed  from  all  these  gentle  and  ge¬ 
nial  influences ;  he  has  no  love  for  his  birth-place,  or  his  dwelling- 
place,  and  cares  nothing  fur  the  soij  in  which  he  strikes  no  root. 
One  source  of  patriotism  is  thus  destroyed;  for  in  the  multitude, 
patriotism  grows  out  of  local  attachments.  Omne  aolum  forti  Jia^ 
tria  may  be  said  by  the  exile  and  the  cosmopolite  philosopher,  but 
natale  solum  is  found  among  the  perijdirascs  for  fiatria^  and  the 
same  feeling  will  be  found  in  the  language  of  every  people  w  ho 
are  advanced  one  degree  beyond  the  savage  state. 

The  manufjcturing  poor  are  also  removed  from  other  causes  * 
which  are  instrumental  to  good  conduct  in  the  agricultural  classes. 
They  have  necessarily  less  of  that  attachment  to  their  employers 
which  arises  from  long  connection,  and  the  remembrance  of  kind 
oflices  received,  and  faithful  services  performed,-— an  inheritance? 
transmitted  from  parent  to  son  :  and  being  gathered  together  in 
herds  from  distant  parts,  they  have  no  family  character  to  support 
in  the  place  to  which  they  have  been  transplanted.  Their  employ¬ 
ments,  too,  unlike  those  of  the  handicraft  and  the  agriculturist, 
are  usually  so  conducted  as  to  be  equally  pernicious, to  mind  and 
body.  The  consumption  of  life  in  some  manufactories,  even  in 
those  w'hich  might  at  first  be  thought  most  innocuous,  though  it 
may  be  a  consolation  to  those  philosophers  who  are  afrajd  of  being 
crowded  at  the  table  of  nature,  would  make  good  men  shudder  if 
the  account  could  be  fully  laid  before  them. 

John  Hunter  predicted  that  our  manufactories  would  engender 
new  varieties  of  pestilence.  New  and  specific  diseases  they  have 
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produced,  but  the  only  pestilence  which  has  yet  manifested  itself  is 
of  a  moral  nature.  Physical  diseases  are  not  more  surely  j^enerat- 
cd  by  crowding  human  beings  together  in  a  state  of  filth  and 
wrctcliedness,  than  moi-al  ones  by  herding  them  together  in  a  state 
of  ignorance.  I'his  is  the  case  under  the  least  unfavourable  cir¬ 
cumstances  which  can  be  imagined;  but  it  is  doubly  so  under  the 
manufacturing  system,  where  children  are  trained  up  in  the  way 
wherein  that  system  destines  them  to  go,  as  soon  as  their  little 
fingers  can  twirl  a  thread,  or  feed  a  machine.  When  that  system 
was  at  its  heiglit,  the  slave-trade  itself  was  scarcely  more  syste¬ 
matically  remorseless.  The  London  work-houses  supplied  children 
by  waggon  loads  to  those  manufactories  which  would  take  them 
off  the  hands  of  the  parish  ;  a  new  sort  of  trade  was  invented,  a  set 
of  cliild-jobbers  travelled  the  country,  procuring  children  from 
parents  whose  poverty  was  such  as  to  consent  to  the  sacrifice,  and 
undertaking  to  feed,  clothe  and  lodge  them  for  the  profits  of  their 
luiiour.  In  tliis  manner  were  many  of  our  great  manufactories  sup¬ 
plied  !  Tiie  macliinery  never  stood  still.  One  set  of  these  {)oor 
children  worked  by  day,  another  by  night,  and  wnenonc  relay  was 
relieved,  they  turned  into  the  beds  which  had  been  vacated  by  the 
other,  warm  as  the  others  had  left  them  I — When  tins  system  iiad 
continued  long  enough  for  those  who  lived  through  so  unnatural  a 
childhood  to  reach  the  age  of  maturity,  it  was  found  that  the  girls, 
when  they  married,  were  utterly  unable  to  perform  the  commonest 
and  most  indispensable  domestic  work  :  and  the  remedy  wliicli  was 
devised,  in  future,  was  that  they  should  goto  school  to  learn  these 
things  for  an  hour  in  the  day,  after  they  had  done  work  ! 

These  evils  have  been  mitigated  ;  the  hellish  practice  of  night- 
work  (it  deserves  no  gentler  quail fication)  is  nearly,  if  not  totally 
disused;  but  enough  which  is  evil  remains  to  produce  irreparable 
injury  to  the  individuals  and  the  most  serious  mischief  to  the  com¬ 
munity.  The  existing  race  of  the  manufacturing  poor  have  been 
trained  up  certainly  without  moral,  and  it  may  be  said,  without  re¬ 
ligious  instruction  also ;  for  if  a  pulpit  lesson  should  now  and  then 
by  accident  rcacli  their  ears,  there  is  little  chance  of  its  penetrating 
farther,  utterly  unprepared  as  they  are  to  receive  it.  Among  the 
philosophcrs-crrant  who  mislead  themselves  as  v/ell  as  others  in 
confounding  the  distinctions  between  right  and  wrong,  there  are 
some  who,  after  wandering  about  the  debatable  ground  between 
good  and  evil,  recover  tlie  right  path,  and  find  grace  to  thank 
Providence  for  tlieir  escape.  The  bias  incHnes  that  way  in  the 
middle  and  higher  ranks ;  for  morals,  as  well  as  manners,  follow 
the  mode,  and  decorum,  at  least,  is  in  fashion.  But  the  class  of 
which  wc  have  been  speaking,  have  more  to  resist,  at  tlie  same 
time  that  they  arc  less  prepared  for  resistance.  He  who  has  ever 
seen  the  habitations  of  the  city-poor  in  the  cellars  and  garrets  of 
courts  and  alleys,  will  easily  believe  that  the  fire  side  of  the  pot¬ 
house  holds  out  a  stronger  temptation  than  even  the  physical  elfect 
of  the  liquor.  Goldsmith  has  told  us  how  such  places 

‘  impart 

An  hour’s  importance  to  the  poor  man’s  heart ;’ 

But  they  do  more  than  this :  they  afford  a  stimulus  of  society  which 
he  cannot  find  elsewhere;  strong  Kumoiir  and  vulgar  wit  come 
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with  double  fascination  to  those  whose  intellectual  powers  arc  staj^". 
nant  at  home ;  the  coarseness  of  boisterous  mirth  acts  upon  them 
with  double  excitement ;  and  if  they  give  themselves  up  to  the 
lowest  vices,  ought  we  to  wonder  at  this,  when  their  better  facul¬ 
ties  have  never  been  brought  into  action  ?  Scarce  lower  than  the 
angels  in  the  capacity  of  his  nature,  man  is  yet,  when  left  to  him- 
seff,  scarcely  above  the  brutes ;  and  if  he  be  depraved,  as  well  as 
ignomiit,  he  is  then  chiefly  distinguished  from  them  by  the  fatal 
prerogative  of  possessing  a  wicked  will  and  greater  powers  of 
mischief.  When  his  diviner  part  has  never  been  called  forth,  the 
mere  animal  is  all  that  remains,  and  mere  animal  gratification  must 
be  the  natural  end  and  aim  of  his  blind  desires. 

These  arc  not  the  mere  imaginations  of  a  speculative  moralist. 
It  is  notorious  that  the  manners  of  the  people  in  manufacturing  dis¬ 
tricts  are  peculiarly  dissolute.  Saint  Monday  is  the  only  saint  in 
the  journeyman’s  calendar ;  and  there  are  many  places  where  one 
of  the  working-days  of  tlic  week  is  regularly  set  apart  for  drunken¬ 
ness,  like  a  sabbath  of  irreligion.  However  high  tlic  wages  may 
be,  profligacy  of  every  kind  keeps  pace  and  draws  after  it  its  inevi¬ 
table  punishment  of  debility,  disease,  poverty,  want,  and  early 
death.  For  the  main  cause  of  the  increase  of  pauperism  it  is  need¬ 
less  to  go  farther  than  the  increase  of  manufactures, — that  very 
increase  which  has  so  often  been  triumphantly  appealed  to  in 
proof  of  the  prosperity  of  the  counti’y.  Even  in  quiet  times,  and 
when  to  all  outward  appearances,  the  country  was  flourishing  be¬ 
yond  all  example  in  former  ages,  the  evil  was  felt,  an  evil  in  itself 
of  sufficient  magnitude,  but  of  the  most  frightful  nature  when 
those  circumstances  are  considered  which  give  it  a  direct  political 
bearing.  This  tendency  was  noticed  some  years  ago  in  Espriella’s 
Letters,  a  book  in  which,  amid  lighter  matter,  grave  subjects  arc 
sometimes  touched  with  a  deeper  spirit  of  thought  than  appeal  s 
upon  the  surface. 

•  Tw'o  causes,*  says  the  author  of  that  book,  ‘  and  only  two  will 
rouse  a  peasantry  to  rebellion;  intolerable  oppression,  or  religious 
zeal  either  for  the  right  faith  or  the  wrong :  no  other  motive  is 
powerful  enough.  A  manufacturing  poor  is  more  easily  instigat¬ 
ed  to  revolt.  They  have  no  local  attachments ;  the  persons  to 
whom  they  look  up  for  support  they  regard  more  with  envy  than 
respect,  as  men  who  grow  rich  by  their  labour ;  they  know  e- 
nough  of  what  is  passing  in  the  political  world  to  think  themselves 
politicians ;  they  feel  the  whole  burthen  of  taxation,  which  is  not 
the  case  with  the  peasant,  because  he  raises  a  great  part  of  his 
own  food  ;  they  arc  aware  of  their  own  numbers ;  and  the  moral 
feelings  which  in  the  peasant  are  only  blunted  are  in  these  men 
debauched.  A  manufacturing  populace  is  always  ripe  for  rioting : 
the  direction  which  this  fury  may  take  is  accidental.  In  1780  it 
ran  against  the  Catholics;  in  1790  against  the  dissenters.  Go- 
vcniments  who  found  their  prosperity  upon  manufactures  sleep 
upon  gunpowder. 

‘  Do  1  then  think,*  continues  the  writer,  <  that  England  is  in 
danger  of  revolution  ?  If  the  manufacturing  system  Continues  to 
be  extended,  increasing  as  it  necessarily  does  increase,  the  num¬ 
ber,  the  misery,  and  the  depravity  of  the  poor,  1  believe  that  revo^ 
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lution  inevitably  must  come,  and  in  its  most  fearful  shape.  That 
system,  if  it  continues  to  increase,  will  more  effectually  tend  to  ruin 
England  than  all  the  might  and  all  the  machinations  of  her  cne# 
mies  were  they  ten  times  more  formidable  than  they  are.  It  com* 
municates  just  knowledge  enough  to  the  populace  to  make  them 
dangerous,  and  it  poisons  their  morals.  The  temper  of  the  mob  has 
been  manifested  at  the  death  of  Despard,  and  there  is  no  reason  to 
suppose  that  it  is  not  the  same  in  all  other  great  towns  as  in  Lon* 
doii.  It  will  be  well  for  England  when  her  cities  shall  decrease, 
and  her  villages  multiply  and  grow ;  when  there  shall  be  fewer 
streets  and  more  cottages.  The  tendency  of  the  present  system  is 
to  convert  the  peasantry  into  poor;  her  policy  should  be  to  reverse 
this,  and  to  convert  the  poor  into  peasantry ;  to  increase  them  and 
to  enligiiteii  them  ;  for  their  numbers  arc  the  strength,  and  their 
knowledge  is  tiic  security  of  states.*  ***»»♦ 

Among  tiie  circumstances  that  favour  the  disorganization  of 
tlie  lower  orders,  the  manufacturing  system  again  presents  itself 
in  the  first  rank.  7’/ir  rxtent  to  rj/iich  it  has  been  carried^  makes  a 
iarg-e  fi^rt  of  our  fiopulation  defiendent  for  employ  hie  his  ^in  faciy 
for  subsistence.^  upon  other  countries  ;  and  ’Lohen  the  tyranny  of  a 
frantic  barbarian  in  Europe^  and  the  servility  or  corruption  of  a 
ruling  faction  in  America.^  shuts  us  out  from  our  accustomed  markety 
distress  and  riots  in  the  manufacturing  districts  are  the  consequence. 
Let  it  not  be  supposed  that  we  arc  among  the  wholesale  declaimers 
against  foreign  commerce;  or  that,  because  we  perceive  the  fatal 
consequences  which  result  from  the  manufacturing  sy stein,  carried 
on  as  it  has  liithcrto  been,  we  would,  in  the  spirit  of  radical  reform, 
destroy  it  root  and  branch.  I)oul)tless  it  has  been  productive  of 
great  and  essential  benefit.  But  as  nations  may  be  too  warlike  for 
their  own  happiness,  or  even  their  own  security,  so  they  may  be  too 
commercial.  ****•♦ 

In  other  times  we  have  had  men  thrown  out  of  employ  by  the 
fluctuations  of  foreign  politics,  but  their  numbers  have  been  com¬ 
paratively  trifling,  and  the  effect  partial ;  nor  were  there  in  those 
days  public  speakers  and  public  writers  ready  to  inflame  their  dis¬ 
contents  and  array  them  against  their  rulers.  The  rapid  increase 
of  manufactures,  and  the  w'ider  scale  upon  which  hostility  is  carri¬ 
ed  on  against  us,  have  caused  the  effect  now  to  be  felt  over  every 
part  of  the  country  ;  and  a  cause  which  arises  out  of  our  real  im¬ 
provement  and  the  high  civilization  to  which  wc  have  attained,  has 
given  consistency  to  the  danger.  ****** 

The  first  duty  of  government  is  to  stop  the  contagion  ;  the  next, 
us  far  as  possible,  to  remove  the  causes  which  have  pre-disposccl  so 
large  a  part  of  the  populace  for  receiving  it.  We  shall  do  little  if 
we  do  not  guard  against  a  recurrence  of  the  danger  by  wise  and 
extensive  measures  of  prospective  policy.  The  anarchists  may  be 
silenced,  and  the  associations  of  their  disciples  broken  up ;  but 
while  the  poor  continue  what  they  are,  continuing  also,  as  they 
must,  to  gain  in  number  upon  the  more  prosperous  classes,  tli"e 
jnatcrials  mr  explosion  will  always  be  under  our  feet. 

The  first  and  most  urgent  business  is  to  provide  relief  for  those 
upon  whom  the  pressure  of  the  times  bears  hardest.  Charity  is  no 
where  so  abundantly  and  munificently  displayed  as  in  England,  not 
even  in  those  countries  wKcre  alms-givii^  is  considered  as  a  com* 
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mutation  for  sin ;  but  mere  charity  is  not  what  is  needed  in  this 
emergency.  The  various  plans  which  have  been  devised,  and  the 
local  and  partial  experiments  which  have  been  made  for  bettering 
the  condition  of  the  poor,  as  reported  by  the  society  embodied  for 
that  purpose,  are  highly  honourable  to  the  members  of  that  society, 
and  to  the  land  in  which  they  exist.  The  society  which  has  been 
formed  under  the  auspices  of  the  Duke  of  York,  for  the  immediate 
purpose  of  affording  assistance  to  the  distressed  counties,  is  doing 
much  ;  and  there  is  cause  to  hope  that  the  benefit  which  must  re¬ 
sult  from  its  encouragement  of  the  fisheries  will  continue  after  the 
emergency  is  past.  The  food  which  is  thus  brought  into  the  mar¬ 
ket  is  so  much  clear  gain  ;  it  is  nutricious  ;  it  is  the  cheapest  which 
can  possibly  be  procured ;  it  is  drawn  from  a  source  of  supply 
which  is  inexhaustible,  and  the  mode  of  procuring  it  adds  to  our 
best  defence,  by  keeping  up  a  nursery  for  our  fleets. 

Tliere  is  another^way  by  which  employment  might  be  provided 
for  many  of  those  whom  want  of  work  renders  not  only  burthen- 
some,  but  dangerous  to  society,  aiid  from  which  permanent  good 
would  <;nsue  to  the  community.  These  ends  might  be  attained,  if 
our  great  landholders  could  be  persuaded,  instead  of  adding  estate 
to  estate,  till  they  count  whole  districts,  and  almost  whole  counties 
within  their  domains,  to  apply  the  capital,  that  is  tluis  directed,  to 
the  better  purpose  of  doubling  the  value  of  the  lands  which  they 
already  possess,  by  bringing  them  into  the  highest  state  of  cultiva¬ 
tion  of  which  they  are  capable.  How  many  are  the  marshes  which 
might  thus  be  drained,  the  moors  which  might  be  reclaimed,  the 
wild  and  lonely  heaths  which  would  be  rendered  productive,  and 
w  here  villages  would  grow  round  the  first  rude  huts  of  the  labour¬ 
ers  !  Great  indeed  is  the  prese’U  relief  which  might  thus  be  afford¬ 
ed  to  those  who  need  it,  the  permanent  advantage  to  the  country, 
and  ultimately  to  the  principal  landholders  themselves:  but  that 
they  should  thus  see  their  true  interest,  and  act  upon  it,  is  rather 
to  be  wished  than  expected.  Of  all  the  maxims  of  proverbial  w  is- 
dom  which  experience  has  bequeathed  to  mankind,  there  is  none 
which  is  so  seldom  practically  applied,  and  few  which  arc  so  widely 
applicable,  as  that  which  is  contained  in  the  old  Ascraean’s  excla¬ 
mation. 

Fools  do  not  know,  that  the  half  may  be  more  than  the  whole. 

It  may  seem,  perhaps,  paradoxical  at  first  to  assert  that  a  season 
of  pressure  like  the  present,  is  a  fit  season  for  undertaking  national 
w  orks ;  yet  nothing  can  be  more  certain,  than  that  the  public  must 
in  some  form  or  other,  support  those  who  are  deprived  of  their  usual 
employments ;  and  that  it  is  better  to  administer  this  relief  in  the 
form  of  wages,  than  of  poor-rates.  The  mouths  cannot  be  idle, 
and  as  the  great  object  is  to  prevent  the  hands  from  being  so,  a 
time  when  there  are  many  hands  out  of  employ  is,  of  all  others,  the 
time  for  such  labours.  One  way  or  other,  be  it  remembered,  the 
men  must  be  maintained  :  it  is  therefore  more  w  holesome  for  the 
community  to  have  the  advantage  of  their  labour,  and  for  them¬ 
selves  to  feel  that  they  cam  their  own  maintenance,  than  that  they 
should  be  fed  gratuitously,  and  that  we  sliould  have  a  race  in  Eng¬ 
land  half  Luddite,  half  Lazzaroni.  No  time,  therefore,  can  be  so 
proper  for  national  works,  for  making  new  naval  stations  and  im¬ 
proving  the  old,  for  cutting  roads,  draining  fens,  and  recovering 


r  -  f  fl  S 


Political  Economy,  167 

tracts  of  country  by  embankments  from  the  sea.  Better  is  it  to 
engage  in  works  of  ostentatious  convenience, — better  would  it  be 
for  the  state  to  build  pyiTimids  in  honour  of  our  Nelsons  and  Wel¬ 
lingtons,  than  tliat  men  who  have  hands,  and  are  willing  to  work, 
should  hunger  for  want  of  employment. 

Things  of  this  kind  (and  many  such  might  be  devised)  are  pal¬ 
liatives,  which  in  this  case  are  all  that  are  required ;  this  part  of 
the  evil  being  but  for  a  season.  The  radical  evil  can  only  be  cured 
by  a  course  of  alteratives.  ****** 

Reverting  to  immediate  relief,  as  v;cll  as  permanent  good,  why 
should  not  government  extend  its  military  and  naval  seminaries, 
so  that  every  body  who  needed  an  asylum  should  know  where  to  find 
one  ?  Would  it  not  be  better  that  the  workhouses  should  empty 
themselves  into  our  fleets  and  aiTnies,  than  that  they  should  pack 
off  children  by  waggon-loads,  to  grow  up  in  the  stench  and  moral 
contagion  of  cotton  mills  while  the  trade  flourishes,  and  to  be 
filirown  out  of  employ,  and  turned  upon  the  public  when  it  meets 
with  any  sudden  revulsion  ?  Seminaries  of  this  kind  may  be  so  con¬ 
ducted  as  to  cost  little  more  than  well  regulated  workhouses.  Boys 
become  useful  at  sea  at  a  very  early  age.  There  is  no  danger  of 
overstocking  ourselves  with  seamen ;  in  peace  the  merchant  ser¬ 
vice  will  require  all  that  the  navy  can  dismiss,  and  in  war  we  know 
w  hat  is  suffered  from  the  difiiculty  of  procuring  hands.  Train  up 
children  for  the  land  and  sea  service,  instruct  them  too  in  their 
moral  and  religious  duties,  encoui'age  them  by  honorary  rewards, 
pension  them  off  after  they  have  served  as  many  years  as  their 
country  ought  to  require  :  they  will  love  the  service ;  and  the  arts 
of  our  enemies  will  be  as  unavailing  as  their  arms.  For  the  sur¬ 
plus  of  an  army,  when  war  shall  be  at  an  end,  there  is  indeed  no 
such  immediate  employment  as  would  be  offered  for  our  seamefi ; 
but  the  same  means  w  hich  would,  above  all  others,  tend  to  pro¬ 
mote  the  power  and  security  of  Great  Britain,  would  provide  an 
outlet  for  tills  redundance  also. 

svhject  of  forf'irpi  trade  puU  me  in  mind  of  the  follornn^  atran^e  Je»i 
d*  esprit  of  the  late  Professor  Pou-sox. 

THE  DEVIL’S  WALK. 

From  Ills  brimstone  bed  nt  the  break  of  day, 

A  Walking  the  IVvil  has  gone  ; 

To  visit  his  smig  littl  farm  of  ihc  earth, 

And  ‘'ee  iiow*  his  stock  goes  on. 

Andover  the  lull,  and  over  the  dale, 

Aiul  lie  rambled  over  the  plain  ; 

And  backward  and  forward  he  switclit  his  long  tail. 

As  a  gentieman  su  ilches  Lis  cane. 

And  I  prv’thec  friend,  how  was  the  Devil  drest  ’ 

Oh  !  he  w.is  in  his  Sunday’s  best : 

His  coat  was^red,  his  breeches  were  blue. 

With  a  liole  behind  whicli  his  tail  went  througli. 

He  saw  a  lawyer  killing  a  viper 

Oil  a  dungliill  near  liis  own  stable  ; 

And  the  Devil  was  tickled,  for  it  pul  him  in  mind 
Ct’in  and  hi'i  i u  other 
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He  saw  an  apothecary  on  a  white  horse 
Ride  by,  on  his  vocation  ; 

And  Uie  Devil  was  pleased,  for  he  tlionght  he  beheld 
His  friend  Dkatu  in  the  Revelation. 

Tie  saw  a  cottage  with  a  double  coach  house, 

A  cottage  of  gentility: 

,  And  the  Devil  he  smil’d,  for  his  darling  victe 

Is  pride  which  apes  humility. 

He  went  into  a  rich  bookseller’s  shop  ; 

Says  he  **  we’re  both  of  onfe  college  ; 

**  For  I  myself  sat,  like  a  cormorant  once 
“  Haiti  by  the  tree  of  knowledge.” 

As  he  pass’d  through  Cold-bath  fields,  he  saw 
A  solitary  cell : 

And  the  Devil  he  paus’d,  for  it  gpive  him  a  hint  T 

For  improving  the  prisons  of  hell. 

Do\»m  a  river  did  glide  with  wind  and  tide 
A  pig  with  vast  celerity ; 

And  tho-lXvil  he  grinn’d,  for  he  saw  all  the  while 

How  it  cut  its  own  titroat,  and  he  thought  with  a  smile 
On  England' M  commercial  proeperity  ! 

He  saw  general  Gascoigne’s  burning  face. 

Which  fill’d  him  with  consternation  \ 

And  back  to  hell  his  way  he  did  make. 

For  tlie  Devil  he  thought  (by  a  slight  mistake) 

’Twas  general  conjlagratum  S 

Fonsox  had  imbibed  the  common,  indiscriminate,  and  therefore  silly  pre  • 
judicc,  entertained  in  England  against  law  and  lawyers.  Luckily  for  that 
counlr}',  he  had  no  opportunity  of  witnessing  what  great  things  might  be 
done,  by  making  every  nian  his  own  lawyer,  every  tavern  a  court  of  justice; 
and  investing  every  citizen  of  the  state,  with  the  qualifications  oi  a  lord 
Mansfield  by  an  act  of  the  legislature.  Porson  knew  nothing  of  arbitration 
laws,  arbitration  courts,  arbitration  decisions,  and  arbitration  costs  ;  nor  of 
the  convenience  of  bringing  justice  home  to  every  m.'ui’s  door  j  that  is  to  the 
nearest  tipling  house.  He  did  not  know  willi  what  peculiar  felicity,  the 
lawyers  of  this  country  are  denominated  gentlemen  of  the  bar  ! 

He  had  seen  something  of  the  presumptuous  and  daring  despotism  of  a 
party  in  pow'er,  in  England — but  he  had  not  witnessed  the  republican  improve¬ 
ments  introduced  by  the  legislative  judges  here,  on  tlic  paramount  and  con¬ 
venient  principle  of  Dispatch.  Those  who  have  witnessed  such  things,  will 
excuse  many  of  the  evils  attendant  on  the  legal  system  of  their  own  country  « 
and  view  with  patience  at  least,  if  not  with  respect,  the  calumniated  forms 
of  legal  proceedings,  which  expedience  and  experience  must  have  had  so 
large  a  share  in  establishing.  All  good  has  its  attendant  evil ;  and  doubtless, 
time  will  point  out  gradually,  the  best  remedies  for  such  evils  as  arc  reme¬ 
diable.  But  ignorance,  is  a  presumptuous,  impatient,  headlong  reformer. 
Ignorance  sees  no  difficulties  ;  takes  no  pains  to  amalgamate  the  future  with 
the  past ;  or  to  join  with  the  dexterity  of  a  master-hand,  the  new  to  the  old. 
Reformation,  ought  to  bear  upon  his  front,  the  motto,  Feetina  lente. 


NOTICE 


I  have  said,  that  sl.x  owners  of  furnaces  in  Manchester,  were  fined  100 
pounds  sterling  each  for  not  consuming  the  smoke  of  their  fires,  in  the  year 
1796:  the  year  is  a  mistake  ;  but  llic  fact  is  so ;  and  there  is  a  slioft  report  of 
the  case  iu’the  Monthly  Magazine,  Vol.  XII.  page  76.  It  happened  in  August 
1801,  and  instead  of  six,  eleven  were  so  fined. 


